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Foreword 


“The Audel’s Guides to the Building Trades” are a 
practical series of educators on the various branches of 
Modern Building Construction and are dedicated to 
Master Builders and their Associates. 


These Guides are designed to give technical trade 
information in concise, accurate, plain language. 

The Guides, illustrate the hows and whys, short cuts, 
modern ways and methods of the foundation principles 
of the art. 

Each book in the series is fully illustrated and indexed 
for readiest form of reference and study. 

The Guides will speak for themselves — and help to 
increase the reader’s knowledge and skill in the Build- 
ing Trades. 


-^Publishers. 
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HCW TO USE THE GUIDES 


How to Use the Guides 


When using the Guides as instruction books, map out a course 
of study by consulting the table of contents in each volume: 
when using them as a reference work, consult the index. 

1. Read the index and look up items you do not understand. 

2. Review the portions of text you find difficult to understand. 

3. Do not be satisfied in memorizing a rule or formula: understated the prin- 
ciple upon which it depends. 

4. It is better to understand the basic principle of any rule or formula, than 
to trust to memory. 

5. Studying without system is like a ship at sea without a rudder. 

6. Do not get into the habit of reading, and thinking about something else 
at the same time. 

7. Read the text and concentrate upon what you are leading. 

8. If you will concentrate completely on the text matter you may find 
that one reading is all that is needed, 

9. After studying a section of the text, make a list of questions covering the 
subject treated, and review the text till you can answer all the questions. 

10. Study each step thoroughly and review it before going on to the next. 

11. Master one subject before you take up another. 

12. Study when the mind is clesir and you are rested; it is difficult to concen- 
trate when tired. 

WHEN TO DO YOUR READING 

Read on trains, street cars, lunch hours and use the Guides constantly for 
reference. You can easily find 30 minutes each day for this important work. 
It is well to study at btated times and keep up the practice until it becomes a 
habit. 
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CHAPTER 74 

Arches 


Mathematically an arch is any bowlike curve, but to the 
bricklayei it is any structure supported at the sides or ends only 
and formed of distfnet pieces nc one of which spans the opening, 
serving to carry downward pressure and transform it into lateral 
thrust, 

A pure brick arch is formed of brick all precisely similar £md 
has its inner and outer curves concentric and free from any 
projectures, such an arch within certain limits is elastic and will 
adjust itself without showing to irregularities of pressure. 

In the study of arches the student should become familiar 
with the technical terms used, a list of which is here given for 
ready reference. 


List of Arch Terms 

Abutments. Parts of wall supporting the arch and from which the arch 
springs. 

Crown, The highest point of the arch. 

Extrados. The outer or upper surface of the arch, sometimes called the 
back. 

Haunch, The middle part of each side of the arch, i.e. midway between 
the skewback and the crown. 



1 , 814-268 


Arches 


Intrados or Soffit, The under surface of the arch. 

Jambs, The sides of piers or abutments. 

Key, The uppermost, central and what should be the last brick or vous- 
B(Mr in the arch. 

Rise, Vertical distance between the highest point of the intrados from 
the level of the springing points. 

Piers, Parts of wall supporting arches, from two or more sides of which 
arches spring. 

Span, Horizontal distance between the springing points. 



Fig. 4,302. — ^Two arches springing from a common pier illustrating definitions. 


Spandrel, The spaces between the level of the crown and the extrados 
of the arch. 

^ewbacks. The upper surfaces of the abutments or piers from which 
an arch brings. 

Springers, The end or lowest bricks in the arch. 

Voussoirs, The bricks or stones which make up the arch. 

Springing points. Points from which the under curv^ Of the arch 
commences. 
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These terms are illustrated m fig, 4,302, Arch construction 
involves three separate operations; 

1, Laying out, 

2, Building temporary supports. 

3, Laying the brick. 

In flat or so called arches no laying out is necessary, but for 
curved arches, the curves specified by the architect must be 
“laid out” or scribed full size on the lumber to be used as tem- 
porary supports. Directions for doing this and laying the 
brick are given below. 

Classification of Arches. — There is a multiplicity of arch 
types, all of which may be grouped under a few heads. Arches 
may be classecf: 

1. With respect to shape, as 

a. Flat or jack 

! segmental 
semi-circular 
t Hipticat 
pointed 

2. With respect to kind of brick used, as 

a. Ordinary. 

b. Special. 

3. With respect to position, as 

a. upright. 
b. Inverted. 

4. With respect to treatment of the brick, as 

a. Plain. 
b. Gauged, 

c. Rough axed or cut. 
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5. With respect to brick courses, as 

a. Ordinary or parallel. 

b, Dutch or diagonal. 

6. With respect to the method of laying the brick, as 

fl. Flat. 

b. On edge. 

c. Soldier. 





Fig. 4,303. — ^Flat arch with standard brick, an inexpensive type of arch, the bricks are not 
wedge shape, mortar beifig used to fill the converging joints. The thick end forming the 
extractor and intraclor should be shaped so as to lie in horizontal places. 


Flat, segmental, semi-circular and elliptical arches are com- 
monly used. In the latter type a more pleasing outline may be 
obtained by laying out the curve freehand than by using a 
true ellipse constructed mechanically. A true ellipse lias too 
great a radius at the spring line. 

The Flat Arch. — ^Although, in theory, a flat or “jack” arch 
is a true arch, capable of bearing a load, in practice ilf is weak 
and should be supported on steel if the opening is over Wo feet 





Arches 


271 - 1,817 


wide. The steel should of course be bent to the camber, if 
any, of the soffit. 

If the very best effect be desired, jack arches should be 
constructed so that the radial joints are the same width for the 
whcle length of the joint. To make a perfect job, either special 
brick must be made or the bricks rubbed to a wedge shape. 



Either of these methods is, of course, expensive. The brick 
diould also be shaped so that the joints at the ends of the 
brick within the arch are horizontal, instead of at right angles 
to the radius of the arch, as in fig. 4,303. 
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Inasmuch as a perfectly horizontal soffit, especially a wide 
one, appears to the eye to sag in the middle, a slight camber 
may be formed in the soffit to correct this, as shown in fig. 
4,304, which illustrates the better type of flat arch made with 
special radial brick. 

Laying Out a Flat Arch. — For proper construction, flat arches 
as well as curved arches should be first laid out in order to de- 
termine the proper placement of the brick — ^their number zind 



rectangular BRrCK RADIAL BRICK 


Figs. 4.305 and 4 , 306 . — Detail of joint obtained with rectangular and radial brick. With 
radial brick, the larger mortar is the same thickness the entire length of joint giving bettei- 
results both as to appearance and strength. 


inclination, the latter especially when rectangular brick are 
used. The problem of laying out these involves determining: 

1. Number of brick to span the opening. 

2. Center of inclination. 

The method of laying out a flat arch is shown in flg. 4,307.. £[ere let MS 
be the span. Bisect MS, and through the point of biseetbn d|aw vertical 
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center axis LF, also EW, 
parallel to MS, at height 
above MS, equal to the 
thickness of the arch. 

With S, as center and 
radius MS, describe arc 
through M, intersecting the 
vertical axis at F, which 
may be taken as the center 
of inclination of the bricky 
or radial center. The radial 
line through FM, will give 
ME, the skewback or in- 
clination of the end brick. 
Draw the key or center 
brick ABCD. 

Set dividers to thickness 
of brick and determine how 
many brick can be placed 
between M and A, as M^i, 
M62, etc. Here there is 
room for four brick and a 
fraction of a brick, the four 
brick occupy a net space 
of Mo. 

Fig. 4,307. — Layout for flat arch showing method of finding radial center (ordinary length) 
and of determining number of standard rectangular brick. 

Divide the remaining distance OA, into four equal parts by the familiar 
construction, that is, drawing OX, at any angle to OA; space off four equal 


w 


•KEY 
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Fig. 4,308. — Dutch type of flat arch. This arch is quickly constructed and is frequently uae^ 
ovtf surfaces which are to be plastered. It is however considered relatively weak 



Pigs. 4,309 and 4,310. — Relation between length of radius and lateral thrust against the skew 
backs. If in fig. 4,309, with short radius a sufficiently heavy pressure be applied on section 
A,B,C,D, as to push it vertically down to points A',B\C ,D', the skew b^ck would be 
pushed back a distance L. Similarly in fig. 4,310, with long radius, the skew back is pushed 
back a distance F, which is less than L, giving, as must be evident, more let^age than in 
fig. 4,309. In other words since the pressure applied and distance section A,^,C,D, moves 
the same in each case, the work done is the same, hence the resistance overcame is less in 
fig. 4,309 than in fig. 4,310, being in the proportion of F to L: that is ff varies inmsely with the 
sine c/ rhf skew bach angk. 
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divisions 01, 12, etc. on OX; join 44' and draw parallels giving 01', 02', etc.; 
the or is the thickness of mortar joint at the bottom or intradoor which 
must be provided so that the brick and joints will fill the space from skew- 
back to key. 

The position of the center F, varies greatly depending upon the archi- 
tectural effect sought, and what is more important— upon the strength. 



Fig. 4,311. — Lines for flat arch. Stretch between nails driven in the masonry, the oxtrados 
and intrados lines EW and MS, and locate radial center on line LF, attached at the proper 
level. Another line RR' is attached to R, and used as a centering line for which the pr<^>er 
inclination of the brick at various points is easily determined by moving the centering line to 
any intermediate position as RR". 

In the latter respect the length of inclination radius must be short for weak 
anchorage and may be long for strong anchorage as shown in figs. 4,309 
and 4,310. 

Having laid out the arch, the bricklayer transfers from the 
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tlG. 4,312. —A good proportion for a segmental arch. 



Fio. 4413.— Layout for segmenul arch Given M S, span and ^ rTO. At tte ^mt O. 
midway between M S. erect a perpendicular H O*. by descnbing thi» M aad^ife 
ndms area mteraecung at * Jom M H, and des«ibe thtwgh M and H, 
aame radnia, area mteraecting at L and F. A line drawn through L and F, will tift the perpen- 
iictdar H* at R, whKh is the center of the arc. 
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drawing to the walls the principal items, radial center boun- 
daries of arch, using lines as shown in fig. 4,311. 

Segmental Arches. — ^The strongest type of arch is the seg- 
mental, where the abutment is ample to resist the thrust. 
With small abutments the semi-circular arch is safer. 

For openings over windows and doors in residences the 
segmental arch is the type almost always used. The rise of a 




/iGS 4,314 and 4,315 -Arch curve laid out on board for temporary support, and the latter 
completed 


segmental arch will of course depend on the architectural de- 
sign. A good rule to follow, however, is to make the rise equal 
to one-eighth the width of the opening, as shown in fig. 4,312. 

In constructing a segmental arch, first, supports having the 
proper curvature must be made, hence the center of the arch 
(having given the span and rise) must be located as in fig. 4,313. 

Relieved Segmental Arch.— This is a combination of seg- 
mental arch, lintel and filler as shown in fig. 4,317 . It is used 
for the purpose of relieving (hence the name) the weight from 
any portion of the building which is too weak to bear it, and 
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discharging or transmitting it to piers, especially prepared to 
take the load. The most frequent use for the relieving arch 
is inside the building, over door and window openings. 

The opening is first bridged by the lintel, which should rest not less than 
4J^ ins. upon the jambs each side of the opening. 

Next a brick core or filler is built throughout the entire length of the 
lintel to serve as a turning piece for the arch, the curve conforming to the 
curve of the arch obtained as previously explained. The curve for the 
core is obtained by means of a curved template having the same rise as 

inclination of 

SKEW BACK 




TEMPORARY SUPPORT^ 
OR FORM 


SUPPORTING LEGS 



Fig. 4,316. — ^Temporary support m position in opening for arch and method of determining 
inclination of skew-back, the usual practice is to stand a brick on its end at the end of the 
support. The side of the brick then being in a radial direction will give the inclination or 
angle of the skew-back. 


the arch. This is applied to the face of the core, the bricks marked and 
then cut to shape. The core acts simply as a filler. 

Should a fire occur the lintel would burn and the core fall, but the arch 
ought to remain. 

For relieving arches and for arches in basements the fise| trom spring 
line to soffit may be made one inch for every foot of opening. J In the very 
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best work, the bricks in segmental arches where rowlocks are 9^ wide are 
nibbed to wedge shape, but for ordinary residence work the curve is taken 
up in joints, by making them wider at the top than the bottom. Bricks 
are sometimes chipped to wedge shape by the bricklayer. The strongest 
arches are bonded by headers, as in the case of a brick wall. 

Semi-Circular Arch. — This arch, usually called a “semi/* 
is similar in layout and construction to the segmental arch: 
instead of inclined skewbacks, the arch springs from horizontal 
surfaces each side of the opening, as shown in fig. 4,318. 



Fig 4,317. — Reliev#»a segixienta arch consisting of lintel, core or filler, and relieving arch or 
arch proper. 


The laying out is simple; the center lying on the line joining 
the springing points M and S. The semi-circular arch is per- 
haps the strongest for general purposes that can be constructed. 
It is usually built of successive rings of brick laid on their edge. 
The temporary support is constructed as shown in fig. 4,319, 
the construction being similar to that used for the segmental 
arches. 

When semi-circular arches are constructed of common brick, 
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the brick are laid close together on the inner edge or intrados 
with wedge shaped joints in the outer edge or extrados, that 
is, the mortar joints are wider at the upper surface of the brick 
ring than at the lower surface, so that there is more mortar at 
the top of the joint than at the bottom. The bed surfaces of 
the brick are therefore not on radial lines, as they are in a gauged 
brick arch, but the radial lines are assumed to pass through the 
center of each mortar joint. 



Fig. 4,^18. — ^Semi-circular arch. 


Fig. 4,320 shows a semicircular arch consisting of four rowlock courses 
of brick. These arch brick are all laid as headers, and show an 8 inch reveal 
on the under side or soffit of the arch. Arches built in this way, of a series 
of rowlocks or concentric rings, have no connection between the rings 
other than that afforded by the adhesion of the mortar. 

Rowlock arches are frequently bonded back into the rear wall with hoop 
iron let in at right angles to the joints. 

In order to obtain a better bond, the arch shown in fig. 4^321 is often 
used. This arch is bonded in several places, with stretcher Wck set on 
end. serving the same purpose as voussoirs in stone construction. The 
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^G. 4.320. — ^Semi-circular arch with four rowlock courses of standard brick. 
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header brick are shown at M, and the stretcher brick forming the vous- 
soirs at S. An arch of this kind can be bonded back into the rear wall by 
the use of headers where the voussoir stretchers occur, and is known as a 
block-in-course arch. 

In arches of large span built of common brick, especially in the brick 
lining of tunnels and vaults, the bond is often effected by building in 
headers, which will unite the concentric rings where the joints of two of 
the rings come together. 



Pig. 4,321. — Semi-circular arch with four rowlock courses of standard brick illustrated stretcher 
transverse bonding. 


An example of this is given in fig. 4,J20, which shows an arch of four 
rowlocks, two being header and two stretcher courses, the header and 
stretcher courses being bonded by headers, as shown at L. 

Elliptical Arches. — ^This type of arch gives a suggjtetion of a 
combination of both the elements of the semi-circuliu: and the 
segmental arches, and when properly constructed is considerel 
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to be a very beautiful shape, and moreover possesses great 
strength. Like the semi-circular arch, the elliptical arch 
springs from horizontal surfaces. 

There is no curve that requires more care in laying out than 
the ellipse and various methods have been devised for doing it, 
most of them being more or less approximate. The most accu- 
rate and practical method for the bricklayer is by use of a 



Fig. 4,322 — Segmental arch with header and stretcher courses, 

trammel as shown in fig. 4,323, though the string method shown 
in fig. 4,324 answers very well for rough arches which have to 
be plastered over. It is not proposed here to give a chapter 
on ellipses and the reader is assumed to have some knowledge 
of this curve; he should at least know the difference between 
major and minor axes. 
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Pointed or Gothic Arches. — In church architecture pointed 
jTches are extensively used. It consists of two segments turned 
on end and converging to a point at the top. When set out 
properly, this arch, unlike all other arches, has no key brick. 


D 



Fig. 4,323. — Method of describing ellipse with crammel. Set out the opening A B, upon the 
base line half each side, of the center line CD, which will be drawn indefinitely below as well 
as above the base line. Prepare a square, the sides being about 2" wide and thick, with a 
slight bevd taken olf the under side of the outer edges, fix the sq^re, the edge of one side 
coinading with the centre line, but below the base line, and the other with the right hand, 
and answering to the half of the base line. Next take a rod (which 'w ill be known as a trammel 
rod) with a fixed pentil point; measuring along the rod from the pencil point, fix a screw, with 
the head downward, at a distance equal to the rise CD Again, measuring from the pencil 
point, fix a similar screw equal to the distance CB, that is, half the oijoning Now take some 
thm boarding, kept together by ledges, equal to rather more than half the opemng in length, 
and more than the height of the rise in width, with the bottom and left end edges answering 
to the nghthand side of the base and center lines, shot true and square to each other. Fix the 
mould in position with the bottom and end edge coinciding with the center and nghthand 
half of the base lines. Then, with the trammel rod, the head of one screw working horizon- 
tally under the bevel along the top edge of the square, and the other vertically up the square, 
describe half the sofht upon the roughly prepared mould, which should be properly and truly 
cut to the curve. This may be termed the master mould Practice only will give perfection 
m striking this curve. 


but a joint in the center, as shown in fig. 4,325. However, 
many object to ke 3 ring with a joint and insist i^n having 
a key brick as shown in fig. 4,326. In this case the a^ch has 
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to be set out, as all other arches, starting with half a course 
each side of the center line and then spacing over to the spring- 
ing. 


For cut work, the approximate key, which is cut as a bird's mouth ia 



t iG 4,324 — String method of descnbing an ellipse. Set out the opening, or major axis, AB, and 
the ctnter, or half-minor axis, CD. Taking the distance CA in the compasses, with the point 
*it D, cut the base line at F and G. Then having fixed pins at F,D,(* , tip the end of a piece 
of stnng or thin wire at F, pass it round D, and tie at G. Remove the pm D, insert a pencil 
in ihe loop, and, with the string or wire extended as far as it vi ill go, describe the curve. 



Figs. 


4,325 and 4,326. — Pomted or Gothic arches with joint, and with key at apex* 
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then filled m from the center of the base Ime and the approximate template 
obtained and traversed until it is accurate The courses are then filled in 
with the latter. Under these new conditions, the courses, not being nor- 
mals to the curve, will all differ in length and bevel 


Inverted Arches. — In foundation work to relieve some of tbv 
-HEAVY LOAD 

r 


LOAD DISTRIBUTION 
EFFECT OF INVERTED 



Fig. 4,327 — ^Inverted arch showing how it relieves or distributes the load coming on a pier 

load coming on the foundation of piers the inverted arch is 
sometimes used. The arch is simply a segma^aHtf'dh^side 
down, and is built into the pier as shown Ptom 

the illustratioQ4t is clear that some ot thdO^A^raun^ilPMe 
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Fig 4 328 —Relieving arch with wooden lintel havine its upper side cut on a segmental 
curve Superimposed on the lintel dre two rowlock bnck courses The arch is called a tchcv- 
ing arch because if there be any shrinking of the linttl there will be no settlement of the 
brickwork, the arch carrying the weight of the wall above it 



4 329 — Relieving arch with straight wooden lintel There is as shown a two rowlock 
arched courses with brick filler between the rowlock courses and the lintel 
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pier is taken by the arch and distributed laterally over a con> 
siderably augmented area. 

Gauged Work. — ^This term relates to the rubbing and cut- 
ting of brick to any special wedge shape in arch construction. 
The tools and appliances required are a rubbing stone; circular 
in shape, a bow saw fitted with twisted annealed wire No. 18 
gauge, parallel file 16 in. long, small tin scribing saw, square 
bevel, bedding slate to try the work for accuracy, straight 
edges, compass setting level, putty box, boaster, club hcimmer 
and scotch (the three latter for axed work); reducing boxes for 
thickness and for length moulding boxes, boxes with radial sides 
for obtaining the wedge shape voisson according to the tem- 
plate, etc. With the many special shaped brick that can be 
easily obtained from manukcturers, the hand cutting of brick 
to these special shapes must be regarded as more or less a waste 
of time and money and accordingly is not further explained here . 
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Anchors 


An anchor may be defined as a strip of metal used to tie to- 
gether any relative constructive members. Thus, anchors are 
used: 

1. To reinforce comers of brickwork. 

2. To tie joists and roof plates to the brickwork. 

The anchors are made in a multiplicity of shapes to meet 
the requirements of the service for which it is intended. 

Anchoring Walls at Angles. — ^An important feature in brick- 
work is that the walls should be anchored where they meet 
at comers; that is, the front and rear walls diould be securely 
anchored as well as bonded to the side, partition, or partition 
walls.* Figs. 4,330 to 4,334 show some forms of the rod com- 
monly used. 


♦NOTE. — Distinction should be made between the various kinds of wait. A party wall 
is the separating wall between two buildings with different owners and occupants. A 
wall is the vertical barrier dividing two or more parts of the same property from each other. 
Division walla are walls separating buildings from each other, each being placed entirely on 
the property occupied by the building itself. Walls in each of these classifications should 
“have such stability as to remain intact after complete combustion of the contents of the 
building on either side of the wall and its structrual integrity shall 1^ such as not to be 
dangerously impaired by the wreckage resulting fiom the fire or its extinguishment."— -1920 
discussion by National Fire Protection Association, It was also agreed that a fire wall '*thBll 
have such thickness as to prevent the communication of fire by heat conduction." 
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Figs. 4,330 to4,334 — Various anchors. Fig. 4,330 anti 4,331 made of H XUi strap irpn about 
2 ft. long attached to rod at end body flat or part round; fig. 4,332, made of 2 X*/l« .|on 2 ft. 
long, split at end and turned up fabout 4 ms) at right angles; fig. 4,333, T shape a|ichor of 
154 X^ iron 2>4 ft. long, the end plate being 2 X4XM; fig- 4,334 through anchor diade by 
flattening out a ^ in. bolt so as to make a 2 Xt4 flat tximters; the round end having a nut an^ ' 
washer shown. 
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The provision for tidng consists of an anchor placed at the center of a 
4 in. recess or blocking. The T or pin anchor should be built into the center 
of the recess which should occur every thirteen courses. The anchor 
should project so as to give not less than 8 ins. of holding on the wall to be 
tied. These anchors should never be omitted when one wall is coursed up 
before the wall to be tied is built. 



Anchoring Floor Joists. — In brickwork the courses can easily 
.be adjusted, so that the courses supporting joists will be at 
the exact height required. No “shims'* or blocking under the 
joists are needed or should be allowed. 
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Joists and timbers should be set directly on the brick, unless 
their bearing surface is so small that they transmit a load 
over the safe bearing capacity of the wall, which occurs very 
seldom, but which would require bearing plates. 

These two conditions are shown in figs. 4,339 and 4,340. 

In the better class of residence work floor joists are anchored 
to the walls. Some cities require this by ordinance. In the 



Fig. 4,338. — ^Intersection of front and inside wall showing placement of through anchor. 


great majority of cheap residence work outside of such cities, 
however, anchcais are not used. Anchors are spaced approxi- 
mately six feet apart both for floor joists and roof plate. Great 
care should be exercised in placing these anchors as near the 
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Figs. 4,339 and 4,340. — Placement of joist on bnck wall showing ordinary construction and 
metal plate bedding to distribute a heavy load. 



Figs. 4,341 and 4,342. — ^Right and wrong placement of joist anchor. In hg. 4,341 the dotted 
position of joist shqws its collapse, bending anchor without rupturing wall, llie result of 
l4acing anchor at top of joist is shown in fig. 4,342. 
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bottom of the joists as possible, in order to lessen the strain 
on the brick wall, in case a fire cause the joists to drop. 

Figs. 4,341 and 4,342 show right and wrong placement of 
joist anchors in solid walls, and figs. 4,343 and 4,344 the 
correct placement in hollow walls. 

In constructing the walls the brickwork should be stopped at the point 
where the first floor joists are to rest upon it, and care should be taken to 
have the top course perfectly level, so that the joists may be set without 



Fig. 4,343. — Concealed joist support forminj; fire stop in 8 in. hollow Ideal wall. 

Fig. 4,344. — Placement of joist anchor in 8 in. hollow, all rolok wall. 

wedging or blocking. After the joists are placed, the brickwork is con- 
tinued up between, and leaving a small “breathing" space around them 
to prevent dry rot. The same method of joisting is followed at the upper 
floors. 

On anchor joists the anchors are attached to the joists with spikes driven 
through the holes seen in the illustrations of anchors. 


The ends of all the joists are beveled whether they be an- 
chor joists or intermediate joists so that in case of fire they 
will readily fall without inimy to the wall as shown in fig. 4.345. 
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The appearance of joists as built into the wall is shown in fig. 4,347. 
Where joists run pardlel to the wall, the anchor straps are made long 
enough to be attached to about three joists, into which they are mortised 
on top as shown in fig. 4,348. 


Fire Stops. — If the lower part of a wall be thicker by a brick 
than the upper part, it should be carried up its full thickness 















Fig. 4,348. — ^Method of anchoring joists to the walls where the joists are parallel to the walls. 
The anchor is let into the Joists as shown at M, and it should be long enough to run over two 
or three joists in order to give proper stiffness. The T form of anchor here shown is best for 
this purpose. 
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out between the joists two inches, the full height of the joists 
to form a fire stop as in fig. 4,350. 

The object of the fire stop is to block all possible passage 
of fire fit>m the space between the joists to that between the 
furring strips on the wall, or the reverse. Without these fire 
stops, a fire originating m the floor could commimicate with 
the furring space on the wall above, or originating in the furring 
^ce could communicate with the floor. With the stojjs, the 



fire is confined to certain sp>aces and is retarded instead of 
spreading. These corbels also serve the wholesome purpose 
of checking vermin of all kinds from passage through the floor 
and wall spaces. 

Figs. 4,349 and 4,350 also show the proper way of placing the lath at 
the comer of the ceiling so as to take full advantage of the fire stops. The 
ceiling lath, usually placed first, should be started far enough away from the 
side walls so that when the side wall lath is placed tight, as it ought to be, 
against the underside of the floor joist, there will be space encAigh for 
the plaster to push through and form a key touching the bottdm |)rick oi 
the corbel. As the corbel by construction is necessarily the distance of a 
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mortar joint above the bottom of the joists, the openings are thus com- 
pletely sealed by the plaster key. In cheap speculative buildings, these 
fire stops are too often omitted or a pretext for them is resorted to by 
projecting only one brick at the top or bottom of the joists. This however, 
is as good as no fire stop at all. 

Figs. 4,351 and 4,352 show wrong way of placing the lath and also how 
false corbeling leaves the passages really unstopped, this defeating alto- 
together the purpose of fire stops. 

Masonry walls that are to be furred, sometimes have, as the work 
progresses, common wood laths laid in the joints of the brickwork on the 
inside face of the wall, about every seventh course, except over chimneys. 



The lath should be staggered so as to avoid two vertical lath joints in 
succession. These serve as nail holds for the furring strips. 

Anchoring the Roof PlatO' — Before the lop of the wall is 
reached, the anchors for bolting down the roof plate should 
be placed and the brickwork carried u{> aj*ound as shown in 
fig. 4,353, They should be made of half-inch bolts at least 12 
inches long, with a tee or washer at the bottom and a nuV. and 
washer at the top, and should be set approximately every 6 
feet along the wall. After the carpenter has placed the roof 
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plate and before it is bolted down, the mason should bed 
with cement mortar under it. 

When the wall is finally carried to the top and the roof rafters 
set, but before the roof boarding is in place, the mason should 
fill in between the roof rafters with one tier of brick as shown 



In fig. 4,353. This is called nogging. Its purpose is to block 
effectually the openings between the roof rafters and jHevent 
the wind entering the walls and attic. This adds greatly to 
the comfort of the house in cold weather. In warm climates, 
nogging will be foimd unnecessary. 
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CHAPTER 76 

Foundations 


The subject jof foundations as here treated includes the 
supporting witUslDelow the ground level, and the piers which 
carry the girders. 

Naturally, the excavation should be carried down to good 
solid earth, free from loose, spongy soil or filled-in ground 
which might later permit sufficient unequal settlement to result 
in serious cracks throughout the wall of the house. 

Footings. — ^This is the lowest part of the foundations and is 
that part which transmits the weight of the building and loads 
coming on it to the ground at the bottom of the excavation. 
The object of the footing is to distribute this weight over a 
large area so that the pressure per sq. ft. coming on the ground 
or foundation bed will be small and thus prevent settling of 
the ground. 

Where the soil is uniform the pressure per sq. ft. trananitted 
by the footing should be the same and in no case should this 
pressure exceed the amount allowed for the kind of soil «)- 
countered where the excavation is made. These allowmices 
or safe loads are given in the following table: 
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Safe Loads on Foundation Beds 


Kind of foundation bed 


Rock 

Sand, gravel and boulders 
Fine sand 


Hard pan 



ordinary 

large % sand 


Sale load 

in Tons per sq. ft. 

15 to 30 
5 
2 
10 
2 
4 



Fig 4 , 354. — 12 in. brick footing supporting 8 in. foundation wall. 


Example . — The weight to be transmitted by the footings of a small 
10X20 garage is 500 lbs. per sq. ft. of floor area. What size footings should 
be provided if the foundation bed be of fine sand? 

Floor area = 10 x20 = 200 sq. ft. 

total weight to be carried *=200 X500 = 100,000 lbs., 
or 100.000-5-2.000=50 tons. 
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From the table the safe load for fine sand is 2 tons per sq. ft., hence 

Area of footing =50-^2 =25 sq. ft. 

Approximate length of footing = (2X10)4-2X20=60 ft. 

Width of footing = (25 ^60) X 12 = 5 ins. 

In a case like this the footing would be made not less than the thickness 
of the wall or 8 ins. 


Footings are usually made of concrete but they may be of 
brick laid in good cement mortar as shown in fig. 4,354. The 
footings should be strengthened at points of special bearing 
stress. Which footing is chosen will depend largely on con- 


venience of getting local material and labor. The bottom of 
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Fics. 4, ass and 4,356. — Brick footings with 45® and 60® stepping. 


the foundation wall or footing must always be below frost line, 
which of course varies in different sections of the country; 
and this rule applies as well to all brickw’ork outside of the 
foundation wall proper. 

Where conditions of soil require, porous tile with open joints should be 
laid around the base of the foundation wall, not above the level of the 
basement floor nor below the bottom of the wall or footing, and slightly 
pitched to a point where it may be connected with the sewer or some 
natural outlet. Where this tile is laid in loose sand soil, the open joints 
should be wrapped with building paper to prevent the sand from clog^ng 
the drain. In heavy clay soil, the tile should be covered to the depth of 
about a foot with crushed stone to prevent packing of clay around the tile. 

In brick footings the bricks are laid so that the steps are at 45® or 60®. 
The 45® stepping is easily obtained by setting back two ins. on the square 
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of the thickness of each brick, until the thickness of the wall is leached. 
For 60 *, one in. stepping is made on each course. 


Foundation Walls.— By definition, foundation walls are 
those walls below the grade line of the building that support 
the super-structure. Similar walls around areas are termed 
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brck foundation wall of 12 inches, for two-story buildings, of 
one of 8 inches, for small one-story buildings, conforms to good 
practice. 

The foundation wall should be built of a hard burned 
common brick, and laid in common bond as shown in fig. 4,357. 

With a good cement lime mortar, starting at the bottom 
with a header course. As the headers, which serve as transverse 
bond, are not long enough to extend through the entire thick- 
ness of the 12 inch, as they do through the 8 inch wall, the 
header courses in the 12 inch wall very naturally cannot be 
on the same level at the front and back of the wall. In the 
bottom course the header row is laid inside and the stretcher 
row outside, while in the next course above the position is 
reversed, and*eo bn wherever the bonding header courses come. 

The first course of brick is well bedded in mortar on the footini; or the 
solid ground, as the case may be. At the corners and at proper intervals 
along the wall where necessary, a few brick, fpur or five courses high, are 
laid up in advance to serve as leads or starting points for the bond and 
supports for the line which guides the mason to the proper level and align- 
ment of the brick. The mortar is well spread with tne trowel along the 
top of the brick course, and the brick to be laid is firmly pressed down on 
this mortar bed next the lead. The mortar thus squeezed out of the joint 
is cut off by the trowel and scraped on the head of the next brick to be laid 
which is then pressed on the mortar bed and shoved against the brick 
just laid, so as to squeeze mortar into the bottom of the vertical or head 
joint which is then thoroughly filled from the top by slushing with mortar. 
The stretcher courses for structural reasons should be well slushed with 
mortar between the front and back rows or tiers of bnck, said to break 
joint. 

As the work progresses, the joints on the inside face of the basement 
wall should be neatly struck, while the outside joints should be cut flush 
for receiving a waterproof coating. The inside joints are struck by running 
the point of the trowel, held firmly, at an angle, along the upper or lower 
edge of the brick, thus making a smooth beveled joint. 

The wall should be widened where indicated on any plan to serve as a 
foundation for the fireplace, and should be built hollow to provide for an 
ash pit. "V^ere other chimneys occur, the wall at their base should be 
corbel^ out to serve as a support for them. 
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After the wall has risen four or five feet, scaffolding is erected to carry 
on the upper portion. The scaffolding, necessary for the usual house, or 
other small building, consists of a series of rigid horses, on which are 
placed a half-dozen 2^X10" planks laid close. The joists for the floor 
above may be used for this planking and then lifted into place when the 
wall is ready to receive them, thus effecting a saving in labor. Care should 
be taken to keep the horses several inches away from the inside face of the 
wall, lest the jarnng caused by bricks and mortar being deposited on the 
scaffold may push the green wall out of plumb. The scaffolding for the 
foundation wall may be dispensed with, if it be found more convenient to 
lay the upper portion of the wall from the outside. 



SUB-SOIL 


Fig. 4,358. — ^Angle for foundation footing. In ordinary practice the footing courses upon 
which the waits of the building proper rest, consist of blocks or slabs of stone as large as are 
available and convenient to handle Footings of bnck or concrete are also used in very 
soft soils; footing consisting of timber grillage are often employed A grillage of iron or steel 
beams has also been used successfully The inclination of the angle of footing should be 
about as follows for metal footings, 75®, for stone, 60®, for concrete, 45®, for brick, 30®. 
Damp proof courses of slate, or layer of asphalt are laid m or on the foundations or lower 
walla to prevent moisture arising or penetrating by capillary attraction 

NOTE. — ^AU brick foundation walls should be water proofed on the outside except in 
gravelly, sandy or very dry soil In case there be danger of moisture rising in the wall, by 
ca|»lla^ attraction, the top of the footing should be waterproofed before starting the walls, 
by a course of slate well bedded in mortar or by a strip of composition roohng In wet 
locations, it would be well to carry the waterproofing under the basement floor also. 

NOTE — In woaterproofing foundation walls, in slightly wet soils where the drainage 
is fair, a coating of one half inch cement plaster may be applied to the outside surface of the 
bnck as the wall is earned up This plaster should be composed of one part Portlskid cement 
and two parts clean, sharp sand The possibility of settlement cracking this cem^t coating 
makes it undesirable for use in heavy soils such as wet clay, or in low lying fand where the 
BUb-soil 18 likely to be wet In such conditions, a coating of asphalt apphed while l|oilmg hot, 
thoroughly oovenng the brickwork, is very satisfactory 
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In very exposed locations subject to high winds and the 
building is to be of wood construction, the sills should not be 
simply laid on the foundations as is usual but should be prop- 
erly anchored as shown in fig. 4,359. 


Piers. — ^As here considered, a pier is a detached part of the 



Fig. 4,359.— Flaw anchore built into brick foundation walls for anchoring nils of framed 
building. 


foundation consisting of a column of brickwork ^u^y of 
rectangular cross section and serving to suonort the gird^. 
Piers may be classed: 
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Pltc- 4,361 —Footing fof 8 X12 solid pier showing bond. 
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1. With respect to construction, as 

a. Solid 

b. Hollow 

2. With respect to location, as 

a. Isolated. 
b Connected. 


3. With respect to shape, as 



tiG 4,^62 and 4 363 —8 X8 solid pier and 12X12 hollow pier 


a Straight. 
b. Battered. 

A typical stepped brick footing for an 8x12 solid pier is 
shown in fig. 4,361. The construction of building an 8 X8 pier 
is very simple as the bnck are laid alternately header and 
stretchei on each course, two brick to a course as shown in 
fig. 4,362. 

The hollow type of pier is shown in fig. 4,363. 
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As shown, the brick are placed so as to show headers and stretchers on all 
four sides. A stronger job may be obtained by inserting a course of headers 
in every sixth course, as in a straight wall thus crossing the bonds 



Fig. 4 365 — Stont cap for 12 X12 pier showing it bedded with cement mortar. ^ l oo much 
cars cannot be given to making this joint perfect cecause on this depends the etiiSal distribu- 
tion ot the load 
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The hollow principle may be applied to larger piers giving 
a cellular construction as shown in fig. 4,364. 

Piers should have a cap at the top so that the load coming on 
them for the girders will be equally distributed; this is especially 
necessary with hollow piers. 


The cap may be a stone or an iron casting and in either case it should be 
thoroughly bedded in Portland cement mortar, as shown in fig. 4,365. 



Fig. 4,366.— Bond stone placed at iniermediate points in pier to reinforce by thoroughly bond- 
ing the mass of brickwork. 


In order to strengthen piers bond stones are inserted at proper 
intervals as shown in fig. 4,366. 

These bond stones give greater coherency to the pier by coiuiecting its 

NOTE. — No pier over 8 ft. high should be less than 12 X12 in. in cross section and when 
frnm 6 to 8 ft . high, piers should be at least 8X12 in. in cross section. 
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constituent parts or bricks together but they might be safely omitted in 
8 in. isolated piers, as there are scarcely sufficient brick in width to require 
them unless the pier be unusually high. 

In regard to the height of piers, that is, the ratio of height 
to minimum transverse dimension, no isolated pier should 
exceed in height 10 times its least transverse dimension. 

The opinion prevails that the tying in of masonry with header courses 
helps to strengthen piers against bulging action, thereby increasing the 
strength in proportion to the number of headers used. Results obtained in 
recent tests of brick piers, however, show that variations in the number of 
header courses used do not have a positive effect on the compressive 
strength of the pier. The ordinary proportions of bond stones are from 
5 to 8 ins. in thickness and the full size of the pier in cross section spaced 
every 3 or 4 ft. in height. 
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CHAPTER 77 

Boiler Settings 

Because of the very extensive use of the horizontal return 
tubular boiler aijd other types requiring elaborate brick “set- 
tings,” all bridtlayers, especially those in rural and remote dis- 
tricts, should understand how to build a brick setting. 

Although this work is generally done by specialists, when 
available, the ordinary bricklayer is frequently called upon 
to brick up a boiler. He should therefore thoroughly under- 
stand the requirements because if the work be improperly 
done, the setting will always be a source of trouble. 

The qimlity of the brickwork in which steam boilers are set will vary 
the quantity of fuel used by as much as one-fifth; hence the importance of 
knowing the correct principles upon which the work should be done. 

Kinds of Brick Used. — Two kinds of brick are used in boiler 
setting — ^the common brick for walls, foundations and backing 
to the furnace, and so-called fire brick. The latter are made 
in a multiplicity of special shapes to fit the curves of the furnace. 
The usual forms of these brick are shown in figs. 4,367 to 4,383. 
The quality in fire brick which renders them useful is their 
power to resist for a long time the highest temperatures and 
sudden changes of temperature without injury, and thar 
ability to resist the action of the hot gases. 
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Requirements of a Boiler Setting. — ^The setting as well as 
construction of boilers differs greatly, but in all the end to be 
sought for is: 

1. High furnace heat. 

2. Minimum heat waste. 

To attain these conditions there must be: 

1. Sufficient thickness of wall around the furnace includit^ 
a bridge to retain as nearly as may be the heat generated. 

2. Proper mixture of air. 

3. Proper area of grate. 

4. Adequate combustion space. 


Principal Partq of a Furnace. — The bricklayer should be 
familiar with the hames and functions of these parts. They 
are as follows: 

The furnace proper or fire box, being the chamber in which the solid 
constituents of the fuel and the whole or part of its gaseous constituents are 
»:onsumed. 

The grate, which is composed of alternate bars and spaces, to support the 
fuel and admit the air. 

The dead plate, that part of the bottom of the furnace which consists of 
an iron plate simply 

The mouth piece, through which the fuel is introduced and often some air. 
The lower side of the mouthpiece is the deadplate. 

The fire door . Sometimes the duty of the fire door is performed by a heap 
of fuel closing up the mouth of the furnace. 

The furnace front is above and on either side of the fire door. 

The ash pit. As a general rule the ash pit is level, or nearly so, with the 
floor on which the fireman stands, and as for convenient firing, the grate 
should not be higher than 28 to 30 inches, the depth of ash pit is thereby 
determined. 

The ash pit door is used to regulate the admission of air. 
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The bridge wall. 

The combtislion or flame chamber. 

Horizontal Return Tubular Boiler Settiugs.-^This type of 
boiler requires an elaborate setting, as the latter forms the 
furnace and combustion chambers, and with lug supports, 
carries the weight of the boiler. The setting consists of: 

1. Foundation. 

2. Enclosing walls. 

3. Bridge wall. 

4. Combustion chamber. 

5. Top covering. 

6. Arch. 

7. Trimmings. 

Foundation. — In selecting the location of a boiler it is im- 
portant to consider the nature of the soil upon which it is to 
rest, because unless a firm foundation be provided, trouble is 
quite sure to result in the way of cracked setting walls and 
leaky steam pipe joints caused by sprung piping When the foun- 
dation settles. 

The required size and shape of the foundation will depend on the bearing 
power of the soil, the weight of the setting plus the weight of the boiler 
when full of water and fitted with such accessories as rest on the foundation . 
With a boiler resting directly on the side walls of the setting the side wall 
footings may be assumed to bear the entire weight of the boiler as a uni- 
formly distributed load. Except where the soil is poor it will not be neces- 
sary to make the width of the footings more than 8 inches greater than the 
thickness of the setting walls. 

The depth to which the foundations should go also depends upon the 
nature of the soil. Trenches may be dug to a depth of three of four feet, 
and footings placed within them. 

Large stones or concrete are to be recommended for the footings of the 
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walls and bridges, the earth being well rammed into the trench as soon as 
the walls have risen above the ground level. 

If the ground be soft, the whole area should be excavated to three feet 
depth, and the pit filled with two feet of sand or gravel well rammed, 
or still better, with concrete. On marshy ground, wooden platforms or 
grillage may have to be used, in connection with short driven piles, all 
woodwork being entirely submerged to prevent its decay. Heavier founda- 
tions should be used for boilers than for ordinary buildings^ as the least 
settlement may be dangerous, setting up strains caused by weight. 


In proportioning the footings calculate the total weight 
coming upon the footings which comprise: weight of masonry, 
boiler, water and fittings, then make the footings large evfiugh 
so that the pressure on the soil will not exceed two tons per sq, ft. 

Foundation iy|aterial. — Concrete is the material now used 
almost universally for foundations. The best concrete is made 
with broken stone or gravel with a cement sand mortar for the 
binder. 

The usual proportions for foundation work are as follows: one part 
cement, two and one-half parts sand and five parts broken stone or gravel, 
whichever be more available or cheaper to obtain. A good standard brand 
of cement should be used. 

Blocking the Boiler. — After completing the foundation, the 
next step is to put 1 he boiler in place. It is first raised by jack 
screws or levers to the height at which it is to set, and blocked 
there by cribbing made of short pieces of timber as shown in 
fig. 4.384. 

Enclosing Walls. — ^The difference in first cost between a good 


NOTE . — Laying Out the Foundations . — As a general rule the boiler manufactures 
supplies a drawing showing the design and dimensions of the setting. Prom this and from the, 
character of the soil the foundations may be laid out. If no drawing be furnished, the design 
may be taken from the accompanying designs and dimension tables, which represents standard 
Practice. 
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job and a poor job is comparatively slight and once paid for 
there is an end to it. 

Poor construction means cracks and air leaks, the worst enemies to 
efficient boiler performance, causing useless waste of fuel. 

The exterior of the walls should be hard burned brick, and the lining of 
furnace and combustion chamber, fire brick. 

Every sixth course, beginning with the giates, should be a row of headers ^ 



Fig. 4,3S4. — Boiler blocked up ready for setting. When the boiler is to rest on the setting 
walls It should be blocked up about an inch higher than its final position so that the side walls 
may be finished without difficulty after which the boiler may be lowered into position. The 
boiljK front should not be required to carry any of the weight of the boiler, hence there should 
be about H inch clearance between the bottom of the shell and the front. The boiler should 
be incfined toward the rear so as to cause it to drain through the blow off easily and to give a 
little extra depth of water over the rear end of the tubes. If the front end of the boiler be 
set about 1 inch higher than the back, the desired slope will be obtained. In leveling the boiler 
crosswi:>e. the top rovr of tubes should be taken to gauge by and not the faces of the steam 
nozzle flanges. If the nozzle flanges be but slightly out of true with the tubes the difference 
can probably be made up in the packing of the joint. If they be considerably out of true special 
flanges may be used in making up the joints. It is preferable to have the tubes level rather 
than the flanges. The reason for this is that with unlevcl tubes it is necessary to carry a 
higher water line than ordinary in order not to expose the high tubes and this is unsatisfactory 
as it cuts down the steam space. 

well bonded into the masonry behind; the headers being of little use unless 
they are so bonded, for when the lower courses of fire brickfhave been 
burned away, it is necessary to rely on the headers to a greatt extent to 
hold the upper part of the wall in position, and if they nave been laid 
with due care the lower courses can be removed and repla(M without 
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disturbing the upper part of the wall. If the headers be not secured, the 
entire wall will have to be rebuilt. 

The side and rear-end walls should always he double, with a two-inch air 
space, as shown in the cuts. The object of the air space is to prevent 
the leakage of heat as much as possible. Th© walls should not be bonded 
together, but there should be projecting bricks from the outer wall, ex- 
tending in and touching the inner wall. This leaves the inner wall free to 
expand under the influence of heat, without affecting the outer one, and 
still leaves the latter in the position of a retaining wall. 

It is advisable to line the entire setting with fire brick rather than only 



Fig. 4,385. — ^The usual but objectionable method of providing for expansion on lug 8up>rt d 
boilers. It will be seen that no provision is made for tranverse expansion of the ehrJl, 
consequently the sidewalls must “breathe” with the boiler, which tends to produce air leaks 
by cracking and loosening the mortar. 


the furnace portion as is sometimes done. The reason for this is that a 
fully lined setting will stand up much longer and give far greater satis- 
faction under overload operation. The tendency of modern practice is to 
use fewer boilers and work them harder; hence, a fully lined setting is a 
good investment. 

The better the quality of the fire brick used, the more economical the 
job will ultimately prove. 

Mortar in Boiler Setting. — For the outer walls the mortar 
used should be composed of one part lime with four to six 
parts clean sand well screened and the joints should be as thin 
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>d of providing for expansion by link suspension^ As may be seen, the weight of the boiler is carried by 
tus relieving the brickwork of duty. The side columns may be either of solid channel iron or built up 
ittke work, and rhann^l bars are earned across the top of these columns as shown. The boiler is suspended 
lels by suspension linirc of rods arranged with nuts and washers, permitting easy leveling and adjustment of 
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as they can be laid, not over one-eighth of an inch thick, es- 
pecially those exposed to the heat of the furnace. 

The fire brick should be laid in contact with each other; a 
thin paste of fire clay, enough to fill up the irregularities of their 
surfaces and give them a solid bearing, being all the mortar 
that is admissible. In laying fire brick, each one should be 
dipped into water as it is used, so that it will not immediately 
drink up the water from the mortar. They should then receive 
a thin coating of the kaolin or fire clay, and be placed in posi- 



Fig. 4,387. — Approved method of providing for expansion on lug supi^rted boilers. The two 
seta of rollers placed at right angles to each other form a universal joint, allowing free move- 
ment both endwise or crosswise. 

tion. The fire clay should be mixed up so thin that it cannot 
well be laid on with a trowel, an iron spoon being preferable. 

Provision for Expansion. — Since boilers are longer (and 
larger in diameter) when hot than when cold it is necessary 
to provide: 1, space between the setting and boiler (as just 
mentioned), and 2, a flexible support to prevent cracking of 
the brick work. 

When the boiler is supported bv the brick work, expansion 
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NOTE' — le usmg ihia table for seiuoi; boilers, particular atientioo must be paid to the fact that dimensioiis F. J. M. and N must cooform to the diaaensiOBa 
be froai furmahed wiih the boiler aad dimensions K and L with f he gratea furnished On dusb fronts, dimcnsiona O. R, and S depend on diroenaioa P. ud 
ae duneasiona must be changed to conform to any changes that may be necessary in P The column givmg the BumW of eommon brack ccqttutd cefen Ca 

averhsBgiiig freoi pi MiRAff •e4 l9f flush (roats there should be Added bOO to 2500 bnck. depeodWHi oo the siMOf Iho bodcr. 
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is usually provided for by placing rollers under the rear sup- 
porting legs as shown in figs. 4,385 and 4,387. 

The reason for putting the rollers at the rear end instead of the front end 
is because the front end rests upon the brick work and accordingly should 
not move. The author objects to the arrangement shown in fig. 4,385, 
in that it does not provide for lateral expansion. 

In bricking up around the lugs, a recess must be left large enough so that 
the lugs will not touch the back work m any spot. In fact, the brick work 
should not touch the boiler at any point. 



Fig 4,388. — ^Setting design for overhanging front boiler The dimension letters refer to the 
accompanying table of dimersions for boiler setting 


The Grate. — ^This is set about 24 ins. above the floor level and 
should pitch backward 3 ins. to the bridge wall. TTiis gives 
a thicker layer of coal at the rear end of the grate and thus 
promotes uniformity of combustion; because with a uniform 
layer of coal, the air will naturally pass through more freely 
at the rear. 
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In addition, the pitch 
makes slicing and fir- 
ing easier. The top 
of the front end of the 
grate is from 24 to 28 
inches below the boiler 
shell, varying with the 
size of the boiler. The 
width of the grate 
should be six ins. less 
than the diameter of 
the boiler. 


Bridge Wall. — This 
IS a most important 
part of the setting. 
Unless it be located in 
the right place and be 
of the ri^t thickness 
and height, more or 
less trouble may result 
in the way of over- 
heated sheets, especi- 
ally if there be a girth 
seam near. 


The wall must be 
strong enough to with- 
stand the thn|st of the 
firing implements used 
m cleaning the fire, and 
must be thici enough 
that the join^ do not 
loosen bv this Action. 
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Experience shows that 
thebest results aresecured 
with a bridge wall per- 
fectly flat on top as shown 
in fig. 4,389 and not built 
circular tofoUow the curve 
of the boiler shell. The 
distance between the 
bottom of the shell and 
the crest of the bridge wall 
should be not less than 10 
inches. The crest of the 
wall should be one or one 
and a half Are brick 
lengths wide acceding to 
the table on page 322. 

Bach course below 
should be set out as shown 
in flg. 4,390^ so that the 
front face slopes forward 
at an angle of about 45 
degrees until thefull thick- 
ness of the wall is reached. 

The bricks on the slop- 
ing face and on the front 
of the crest should be laid 
as headers, as shown, in 
order that an accidental 
poke with a fire iron will 
not be likely to knock any 
off. Some engineers prefer 
that these bride be cut 
beveled on the fh>nt so as 
to present a smooth sur- 
face on the slope of the 
bridge wall* The bridge 
wall should be connected 
with the side walls as 
shown in fig. 4,391 or 
4,392, so that it is free to 
expand. If this be not 
done, the expansion of the 
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bridge wall will 
crack out the side 
walls of the setting. 

Combustion 
Chamber. — The 

space between the 
bridge wall and 
rear end of the 
boiler, commonly 
called the combus- 
tion chamber , may 
extenddown to the 
floor line, or be re- 
duced in size by a 
wall sloping from 
the top of the 


FiG.4.393aiid4,394.— T«o 
arrangeoiento for the blow 
ofiF connec^on. The first 
or vertical run is prefer- 
able» but for convenience, 
the pipe may be earned 
out hpriaontally above 
the floor line and will be 
aaiisfactOiy if properly 
protected. The object 
aimed at is to keep the 
pipe cool as possible pre- 
venting the formation of 
steam, and avoiding bak- 
ing of the sediment in the 
pipe. Useeasybendsin- 
st^ of close dbows, and 
have the outer casing 
large enough for a liberal 
thickness of asbestos 
between casing and blow 
<0 pipe. 
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bridge wall to the floor level at the rear of the boiler. 

In the rear end of the combustion chamber provision must 
be made to protect the blow off pipe from the intense heat to 
prevent the formation of steam in the pipe. This is done by 
covering the pipe with asbestos, the pipe and asbestos being 
encased in a large cast iron or tile pipe, as shown in figs. 4,393 
and 4,394. 



Back Connection. — The opening between the back wall and 
rear end of the boiler is covered either by a flat plate or some 
form of Eirch construction. 

Fig. 4,395 shows the flat plate connection, Such arrangement lasts 
but a short while because the iron quickly bums out. 

Another construction is to spring a long span arch between the side walls 
as shown in fig. 4,397. This arch must be almost flat so that it will not 
extend above the water line nor block off too many of the tubes at the 
sides. On account of being almost flat it is structurallv weak. It must be 
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very carefully made in the first place and even at that it will not laf,t very 
long, espeaaily if the boiler must be forced occasionally. 

The best construction is to spring a half arch betw//m the 
back wall of the setting and the boiler shell as illust/'^fted in 
fig. 4,396. 

The joints of back connections must be made tight by cov/*ring with 
earth or equivalent, otherwise cold air will enter and lower the te mperature 
of the gases passing through the tubes. 



Fig. 4,396. — Ordinary arch back connection with tnstde cast iron arch plate. The objection 
to thiB construction is that the cast iron plate is exposed to the intense heat. 

Top Covering. — ^The usual but questionable method of con- 
structing the top of a boiler setting is to cover the top of the 
boiler with some form of insulating material. There are three 
methods of doing this: 

1. When the brick are laid coat them over with a grout ofjone part 
cement and one part sand to a thickness of at least K inch. Althpugh this 
is the cheapest and probably the most durable construction, if has but 
dight value for beat insulation. 
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i. 4^ and 4^.— Boiler setting with jacketted top covering; the correct method of enclosing the top of the shell w] 
ononqr is of ansr consequence. As will be seen, the hot gases after passing through the combustkm c h a mb er and tul 
avose the top of the shell, thus avoiding the beat loss through the otdiDSny top covenng. 
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A more sensible and advanced method of treating the top 
is to jacket it as shown in figs. 4,398 and 4,399, thus insulating 
the top with a sheet of hot gases passing off fnnn the tubes. 


Buck Staves. — In order to prevent the spreading of the fur- 
nace walls, they are reinforced by cast iron upright members 
known as buck stays, as shown in figs. 4,400 eind 4,401. These 


Vies. 4.400 and 4,401. 
— BtMck atave or re- 
inforcing member for 
boiler selling Aa 
ahown, the buck 
staves arranged m 
pairs are held firmly 
in place against the 
bndc work by stay 
rods, which extend 
from side to side of 
the furnace at top 
and bottom Buck 
staves^ are commonly 
made of cast iron. 
Their use is to pre- 
vent the spreading of 
the furnace walls and 



they should accordingly be rigid To secure ngidity the web should be from 4 to 6 inches 
deep. Buck staves are usually placed 4 to 5 feet apart on the side walls. 


are of T shape and for proper stiffness the web should be from 
4 to 6 inches deep, depending on the diameter of the boiler. 
They are usuedly placed 4 or 5 feet apart on the side walls. 


Boiler Fronts. — These are made in many differerntf styles, 
almost every maker havine some peculiar points in 'design. 
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Tha'e are four general types: 

1. Flush front. 

2. Overhanging front. 

3. Cutaway front. 

4. Breaches front. 

These various fronts are shown in figs. 4,402 to 4.405. The 
flush front is the oldest type. 



Figs. 4,402 and 4,403. — ^Various boiler fnmts. Fig. 4,402, flush front; fig. 4,403, overhang! ,ig 
front. 


An objection is that the heat from the fire, striking thi jugh 
the brick work, impinges on this sheet, which is unprotected 
by water on the inside. So long as the furnace waUs are in 
proper condition the heat thus transmitted should not be 
sufficient to give trouble; but after running some time bricks 
are very apt to fall away from over the fire door, and thus 
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expose portions of the dry sheet to the direct action of the fire, 
causing it to be burned or otherwise injured by the heat, and 
perhaps starting a leak around the front row of rivets when the 
head is attached to the shell. 

In the overhanging front, as shown in fig. 4,403, this tendency 
is prevented by setting the boiler in suck a manner that the dry 



Figs. 4,404 and 4,405 — Vanous boiler fronts. Fig 4 404, cut-away front; fig 4,405, breeches 
front for man hole. 


sheet projects out into the boiler room. An objection to the 
overhanging fiont is that it is in the way of the fireman. To 
meet this point and yet preserve all the advantages of this 
kind of front, the cut away style, shown in fig. tt,404, has 
come into use. The front shown in fig. 4,405 consi^ of sheet 
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^ 1°P t^tch oven furnace setting (Walsh and Wddner) . TWa tap* 
for Dutcn ovens burning damp or bulky fuel. There are two 
aywi of tile with the air space between for cooling the suspension beaips and tte tile. 
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iron breeching that comes down over the timber, leaving the 
manhole exposed where it is accessible. 

Bricks Required for a Setting. — To estimate the number 
of brick in a wall, multiply the length of the wall by the width 
and height all in inches, and divide by 82 for common brick, 
or by 116 for fire brick. The quotient will be approximately 
the number required. 



Fig. 4,40&. — Stack plate casting for flush end boiler, full flush front. Tne smoke box is formed 
by the brickwork of the setting. 


If the lining of the furnace is to be made all headers, as already men- 
tioned, multiply the fire brick required for that part of the wall by 2.6, 
or multiply the area to be laid in square feet by 12. 


In estimating the material needed for a boiler setting, 25Q pounds of 
lump lime and 1 cubic yard of sand will be required for each thousand 
bricks in the walls, and from 800 to 900 pounds of fire clay .foi| each thou- 
sand fire brick in furnace lininss. 
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CHAPTER 78 

Chimneys 

The term chimney as here used includes both the chimney 
proper and, in house construction, the fire place. There is no 
part of a hous^ that is more liable to be a source of trouble, 
when improperly constructed, than a chimney. Accordingly, 
it should be so built that it will be mechanically strong, and 
properly shaped and proportioned to give adequate draught. 

For strength, chimneys should be built of solid brickwork 
and should have no openings except those required for the 
heating apparatus. 

If a chimney fire occur, considerable heat may be engendered in the 
chimney, and the safety of the house will then depend upon the integrity 
of the flue wall. It is dangerous to use hollow units for this purpose, for 
these cannot stand high temperatures without danger of cracking and 
spalling. The chimney may, though it need not be a point of danger. 
A little intelligent care in its construction will prove to be the best in- 
surance. As a first precaution, all wood framing of floor and roof must 
be kept at least 2 inches away from the chimney and no other wood work 
of any kind be projected into the brickwork surrounding the flues. 


Conditions for Good Draught. — When it is understood that 
the only motive power available to produce a (natural) draught 
in a chimney is that due to the small difference in weight of 
the column of hot gases in the chimney and of a similar column 
of cold air outside, the necessity of properly constructing the 
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Figs 4 411 and 4 412 — Easy ana abrupt offsets No offsvt should be tncltned more than 30^ to 
tne vertical If too abrupt, the conditions shown in fig 4 412 will result 


chimney walls the chimney should rtm as near straight as possible from 
bottom to top This not only gives better draught but facilitates cleaning. 
If, however, offsets are necessary from one story to another, they should 
be very gradual, never less than at an angle of 30® from the vertical, as 
m fig 4,411 If abrupt offsets occur in flues, soot will soon be deposited, 
choking the flue, as shown in fig. 4,412, and making cleamng almost 
impossible 
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4,418.— -General arrangement of ordinary house chimney serving^three fire places, 
ine sections at Various points give a good idea of the construction of the chUmney. 
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Chimneys erected on the intenor of a building are apt to be more ef- 
fiaent because the warm air surrounding them facilii-ati^ the diau^t 
while those located on the exteriOT naturally are somewhat affected by 
the cool air on the outside. 

To improve the draught of chimneys already built or to 
provide an artistic finish for new chimneys, there is a vaiiety 
of chimney pots of vanous designs available. The most dur- 
able and sightly chimney pots are those of burned clay. 



Figs 4 419 to 4,422 — Capping for chimney tops. Fig 4,419, cement cap sloping away frona 
projecting flue hnings, and tending to counteract eddy currents from roof, fig 4,420, New 
York style of stone cap with hole same size as caps, fig 4,421 solid stone caps with side opui- 
mgs fig 4,422, pcojecting flue with slopmg cement bedding being both oniaiBeatal and 
efficient. 


Flues . — A chimney serving two or more floors should have 
i separate flue for every fireplace. The method of building 
these flues is shown in fig. 4,413, the arrangement of these 
liues being further shown in figs. 4,414 to 4,418. The flues 
should always be lined with some fireproof material. In fact, 
Jie building laws of large cities provide for this. The least 
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expensive way to build these is to make the walls 4" thick, 
lined with burned clay flue lining. With walls of this thick- 
ness never omit the lining or replace it with plaster. The ex- 
pansion and contraction of the chimney would cause the piaster 
to crack and an opening from the interior of the flue formed. 
See that all joints are completely filled with mortar. 

If flue lining be not used, the walls should be not less than 8" thick, with 
joints in the flue carefully pointed. In Europe, a mixture of cow dung and 



Tva 4,423 — Clean out door set in mortar and carefully titled, it should be installed at the bass 
of the chimney 

lime plaster is used for plastering flues, and is found to crack but little 
The plaster is applied as the flue goes up. A bag of shavings fitting the 
flue tightly may be drawn up by a rope attached to the top of the bag as 
the flue 13 built to catch the plaster droppings The latter is not only 
useful but very important also m a flue in which clay lining is used, and 
in which there is an offset, and may save much trouble anq cost to con- 
tractors in cleanmg out flues after completion. 

The flue lining should extend the entire height of the ^limney, pro- 
jecting about 4 in. above the cap and a slope formed of cemei^ to within V'' 
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trouble may be expmenced with the draft. Fill zdl the joints of the flue lining and the space between 
the lining and the brickwork tightly with mortar. 

If the flues be not lined they are generally built for coal smoke flues 8X8 inches or 8X12 indies 
inside measurement or a brick wide and a brick and a half long, and a partition, one brick thick, is 
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The illustration shows the section in detail of the full brick construction 
of a modem chimney breast, built on the 5th door of an apartment house. 
The side or £^ble wall is 12 inches thick and the chimney, containing 5 dues, 
is projected into the room 8 inches, which is done for the purpose of obtain* 
ing 8 inches of brickwork on the outside or face of the wall for necessary 
strength. This projection is termed the “chimney breast," and is necessary 



Fig. 4,427 — How to buUd an outside chimney for a cold climate so that the flues will not be 
unduly chilled. 



to contain the dues. It will be observed that the flues are lined with fire 
clay or terra cotta “linings," which are short lengths of cylindrical shape, 
set end on end. from the mouth or intake of each flue at the bottom to the 
outlet at the chimney top, thus forming a clean, smooth jDonduit for the 
fire and smoke from stove or fireplace to the outer air. 

Flues may be either round or rectangular in cjx)ss sectioni 
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Figs 4,429 to 4,432. — ^Fire clay flue linings, they are superior to metal as conductors of hot 
air, and will carry the heat with less loss from radiation; are safer, being made of non-oon- 
ducting materials, and will not transmit the heat to wood coming in contact with them; are 
cheaper and more durable, are used for chimney linings, for partitions in chtmnesrs, for con- 
ducting hot and cold air, for ventilation, etc They may be obtained with register pipe open- 
ing as shown in fig 4 431 , or in other odd shapes. 
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as shown in figs. 4,429 to 4,432. They come from 20 to 30 
inches long. 

The most efficient shape of flue is a round flue, next to that a square 
flue. Currents in a chimney rise with a circular swirling motion. 

Modem heating plants necessitate accurate constmction of chimneys, 
and most manufacturers of heating apparatus nowadays recommend the 
area and height of the flue necessary for their installations. The following 
table will prove useful in considering the question of heating plant or fire- 
place, by showing the dimensions of flue linings to be ordered when the 
required area is ascertained. 


Rectangular and Round Flue Linings 

(All flues made without collars in two ft. lengths) 


Rectangular flues 
outside dimensions 

net inside area 

Round Hues 
inside diameter 

net inside area 

4^in.X 8J^in, 


6 inches 

28 3 

4J^ “ X13 “ 


7 

tt 

38 5 

“ X18 “ 


8 

u 

50.3 

“ X 8M “ 

52 sq. in. 

9 

u 

63 6 

8H " X13 

80 “ “ 

10 

u 

78 5 

SH " X18 « 


12 


113 

13 “ X13 “ 

126 « “ 

15 

tt 

176 7 

13 “ X18 " 

169 « « 

18 

tt 

254 5 

18 “ X18 ' " 

240 « “ 

20 

tt 

314.2 



24 

tt 

452 4 


Not less than 8 ins. of brickwork and an air space is neces- 
sary between smoke flues and wooden beams to obviate all 
possibility of the beams igniting and causing a fire. 

Mistakes are often made in constructing flues through not 
carrying the offset “fast enough” to the right or left, as the case 
may be, so as to prepare for the fireplace abov^ then, when 
the mistake is discovered, they are carried oyer Iquickly, and 
a nearly horizontal surface is formed resulting in p faulty flue. 
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Large Chimneys. — For large power houses and other indus- 
trial uses, chimneys of considerable magnitude (as compared 
"with house chimneys) are built, their proper design requiring 
engineering skill. The matter on these chimneys which follows 
is in accordance with the recommendations of the American 
Chimney Corporation. 

Foundations. — The depth of the foundation should be ap- 
proximately ‘/ss of the height of the chimney, but iie^'er less 
than 4 ft. 

The ideal cross-section would be a circular one. On account 
ot the difficulty in building round forms, however, foundations 
are generally made octagonal. The width of the bottom slab 
should be made,ap^oximately equal to ‘/w of the height of the 
chimney plus its clear diameter at the top. It should taper 
off to a width approximately one foot greater than the stack 
at its base. The resultant maximum coippressive stresses will 
be found to be approximately three tons per square foot, suitable 
for sand or gravel bottoms. 

Walls. — The thickness in inches of the brick wall at the 
bottom of the chimney should be at least equal to 

Height of Chimney in Feet „ 

9 ” 

It should gradually decrease towards the top of the chimney 
to 7" for chimneys of less than T in diameter, to 8" for chimneys 
7 to 10' in diameter and to 10" for chimneys of larger diameter. 


NOTE. — During the building of a cnimncy. pieces of brick and lumps of mortar will drop 
In the Hue. hence a hole should be left at the bottom, with a board put on a slant to catch the 
falling mortar. After the chimney is topped out the board and mortar can be removed and 
■the hole bricked up. Where bends occur m the flue openings should be left in the wall to clean 
any pieces of brick or mortar that may have lodged there. 
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The taper of the chimney shoiild be approximately 4' foe 
every 100' height. 

Sections should not exceed 20' in height. 

Lining. — A lining should be provided, equal in height to 
approximately '/s of the total height of the chimney in case of 
boiler plants. It should be equal to at least of the height 
of the chimney for stacks carrying temperatures of 800 to 1 ,200° 
and a high grade fire-brick lining for the entire height is neces- 
sary in case temperature exceeds 1,500°. 

The lining should start two feet below bottom of flue opening. 
If there be danger that combustible material may be carried 
over into the chimney and be ignited there, the lining should 
start at the top of the foundation. 

Flue. — The area of the flue should be approximately 10% 
larger than the clear area of the chimney at the top 

Let D = clear diameter of the chimney at the top. Satis- 
factory results in regard to draft hindrances as well as stability 
are obtained by making: 

Width of flue = .6 D 
Height of flue = 1 .45 D 

The' I-beams over the top of the flue should be carefully 
protected by a masonry arch with ample clearance between 
I-beams and arch to take care of expansion. 

Lightning-Rod. — The lightning rod should be of such design 
that a point should be provided for every 3' circumference at 
the top of the chimney. The points should be made of copper 
and should not extend more than four or five inches al^ve top 
of the chimney as a protection agairst the effects of .add gases 
and to avoid swaying in the wind, resulting in a quick l^sening 
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Figs. 4,433 to 4.436. — Construction of radial brick chimney showing proportion of parts. 
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of the anchors. The cable should be at least thick and 
the earth terminal should consist of a copper cylinder of at, 
least 4 square feet contact surface. 


Radial Bricks. — ^The radial bricks to be used should weigh 
not less than 120 lbs. per cubic foot when laid in the wall, and 
theirperforations should not exceed 25% of the area of the brick. 
Each perforation should not exceed one square inch in area as 
otherwise in laying the bricks the perforations will be entirely * 
filled up with mortar, defeating the purpose for which they 
were arranged. The water absorption of the brick should be 
between 8 and 10%. 


Fittings. — ^Steel bands should be provided at least at the top 
and above and below the flue opening. They should be at 
least of X 214 " stock. 

Step rungs should be of round iron with hooks at the end 
to secure them in the walls. They should be placed not more 
than 16" apart. An inside ladder is preferable to an outside 
one. 

Chimneys should be provided with a sectional cast iron cap, 
especially in cases when they are operated periodically. 


Common Brick Chimneys. — ^Their general design is the same 
as for radial brick chimneys. Under no circumstan^ should 
the top wall be made less than 8" 

Sections are generally made 30' long, increasing at each 
interval by ope-half brick, that is, 4". 
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Theoretical Draft in Inches of Water at Sea Level. — 

Let 

D = Theoretical draft. 

H = Distance from top of chimney to grates. 

T = Temperature of air outside of chimney. 

Ti = Temperature of gases in the chimney. 

Then 

D = 7.C0 H - 461 +Tj) 

The results obtained represent the theoretical draft at sea 
level. 

For higher altitudes they are subject to correction, as follows: 


altitudes of 

Multiply with 

1000' 

0.966 

2000' 

0.932 

3000' 

0.900 

5000' 

0.840 

10000' 

0.694 


Repairing Chimneys.— When a chimney is damp, examine 
the flashing at the junction with the roof, especially if wet spots 
appear on the ceilings of rooms. If the flashing be sound, pos- 
sibly water runs down the inside of the flue and through defec- 
tive mortar joints. Where these cannot be reached readily, 
the chimney may have to be torn down and rebuilt. Some 
times a hood is built on top of the chimney to keep out water 
or to prevent wind blowing down it. 

To prevent dampness being drawn up from the ground, the 
mortar can be raked from a joint at least 12 inches above the 
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ground and a lay^ of slate, asbestos shingles or rust>resistant 
sheet metal and new mortar worked into the joint. This work 
should preferably be done by a mason. If bricks are porus or 
eroded, raking out the mortar one-half of an inch deep and 
applying three-fourths of an inch of cemnet plaster to the sur- 
faces is effective. Eroded joints in the rest of the masonry 
should be raked and repointed. 

Where natural gas is burned, dampness due to condensation 
is not unusual and a drain may be needed. Where such condi- 
tions exist, advice should be sought from the manufacturers of 
the equipment as to the proper remedy. 

A chimney that becomes too hot to permit holding the hand 
against it should be carefully inspected by a reliable mason and 
adequately protected. If after a chimney be cleaned, an ex- 
amination discloses holes, unfilled joints, or other unsound 
conditions out of reach for repair, it is advisable to tear the 
masonry down and rebuild properly. 

Inside bricks that are impregnated with creosote and soot 
should not be used in the new work because they will stain 
plaster whenever dampness occurs. It is almqst impossible to 
remove creosote and soot stains on plaster and wall paper. 
Sometimes painting the plaster with aluminum paint or water- 
pf5oof varnish hides the stains. 

A hatchway cut through a roof is convenient when high chimneys are 
repaired or cleaned, especially when access to the roof is difficult. The 
hatchway should be located so that it will not be necessary to crawl over 
the roof to reach the chimney and so that a ladder placed on the attic floor 
will not be too steep for safe ascent. A watertight cover with hooks to 
prevent its blowmg off is essential . Such a hatchway is best provided when 
the building is erected but can be readily built at any time. 
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CHAPTER 78A 

Fireplaces 

Historical Data. — ^The fireplace dates back to the earliest 
history of man. The first home fires, forerunners to the modem 
fireplace, were those kindled on the earth or upon a conveniently 
placed slab stone, around which the family gathered to prepare 
Its food. 

In just whaf -period in our history fires were first used will 
perhaps never be known, but we have evidence that primitive 
man made use of caves in his first temporary dwelling and built 
fires at the mount of these caves not only to prepare food, but 
also to protect his family from enemies. 

Later, when dwellings were constructed outside of caves, 
family life centered in one large room in the middle of which a 
wood fire was lighted. Here the smoke was allowed to escape 
as best as it could through a hole in the roof or crevices in the 
wall. This use of fire for heating and cooking was adopted 
even by the nomads, who built fires in the center of their tents 
and allowed the smoke to escape through a prepared opening at 
the top. 

As more permanent and larger habitations were built and 
balconies or second floors were used for sleeping quarters, the 
heeu-th-stone was moved to the comer of the room and an open- 
ing made in the wall to allow the smoke to escape. Later a 
stone hood, winch sloped back against the wall was added to 
aid in carrying the smoke out of the building. 
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Gradually the efficiency of the open fire was increased and 
eventually the fireplace was constructed in a recess in the center 
of one of the walls, with its own hood and enclosed flue, leading 
up to a chimney on top of the wall. As time passed, and more 
consideration was given to the comforts of living, the fireplace 
was not only improved, but became the central decorative 
feature of the home. 

The value of fireplaces was appreciated in England as early 
as the latter part of the fourteenth century, when they became 
an ornamental feature in the better homes. Count Rumford, an 
English scientist who published a series of essays on chimneys 
and fireplaces in 1796, is the one to whom we are most indebted 
for the improvement in fireplace design and for the rules 
governing the openings and flues. He spent a great deal of time 
studying the errors of fireplace construction and the principles 
governing the circulation of gases and combustion. 

Count Rumford also gave considerable time to the recon- 
struction of old fireplaces in accordance with the principles he 
had developed. 

Among these principles are the following: 

Bringing the back of the fireplace forward and splaying the sides so that 
a greater amount 'of heat may be reflected into the room; preventing the 
6ss of some of the heat through the flue in the chimney by narrowing the 
throat opening in the smoke chamber and placing this opening near the 
front; and dropping the lintel when it was too high to improve the circulation 
of gases in the smoke chamber. 

The rules that Count Rumford laid down in a general way are the bases 
of the most successful types of modern fireplace construction. 

Near the end of the 19th Century other means of heating dwellings be- 
sides the fireplace came into use. The fireplace lost some of its prestige as 
a heating medium, but was included in dwelling construction, chiefly on 
account of its decorative appearance and its cheerful associations. On the 
other hand, the fireplace, as it was developed by American archiects, during 
the past 50 years, has become one of the most ornamental ^^d beautiful 
features of the home. 
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Probably in no other country have so many types and styles of fireplaces 
been constructed as in the United States. Various fireplace mantels are 
illustrated in figs. 1 to 13. Although the ornamental mantel facings of 
fireplaces may be of other materials than brick, the chimney and its founda- 
tions are invariably of masonry construction. Figs. 1 to 4 shows an eleva- 
tion and cross section of a fireplace and chimney stack suitable for the 
average home. 


Fireplace Construction. — In the construction of a fireplace, 
to obtain the greatest efficiency, the heated gases should be 
made to travel horizontally as far as possible over the brick 
radiating surface before passing into the flue. The back is 
therefore made to slope outward as much as possible, the slope 
starting at about the top of the fire and throat placed well for- 
ward. In plan, the sides of the fireplace should have consider- 
able splay so«tHa4. they will radiate heat into the room. A 
damper will help to regulate the draft. The general construc- 
tion of a fireplace and hearth is shown in figs. 1 to 4. 

As here shown, the front and back hearth is generally laid of 
the same brick as the mantel, either flat or on edge. Sometimes 
the back hearth is of fire brick. The portion projecting into 
the room rests upon a trimmer arch thrown from the fireplace 
to the header joist, the filling between the trimmer and the 
hearth being either lean concrete or mortar. 

An ash dump, emptying into an ash pit with a clean-out door 
at the bottom, is of great convenience. These also may be 
formed of the same brick as used for the mantel. Fire brick 
are sometimes used. The back should be perpendicular for two 
or three courses, sloping outwards from this point. 

All fireplaces should be built in accordance with the few simple essentials 
of correct design if satisfactory performance is to be realized. They should 
be of a size best suited to the room in which they are used, and from the 
standpoint of appearance and operation, they should fill the necessary 
requirements. If too small, they may function properly but will not gen- 
erate a sufficient amount of heat. If on the other hand, they are too large 




1,900 - 354 


Firepl&ees 



TIMBER HEADER 


CENTERING 


TRIMMER ARUH 


SECTION 





Plan and details of brick 

MANTEL AND FIREPLACE IN 
VICTOR HAWKINS' VILLA AT 
ATLANTIC HieHl^ANDS, N.a 


Flos. 1 to 4. — Showing details of fireplace and hearth. 
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IG 5 — ^Sectional view showing construction of fireplace 
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Fio 6 — End section of fireplace shown in fig 5. 
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Location of the Fireplace. — ^The location of the chimney 
determines the location of the fireplace and is too often governed 
by structural consideration only. Smce a fireplace suggests a. 
fireside group and a reasonable degree of seclusitm, it should not 
be located near doors and passageways in a room, but should 
be located in so far as possible, away from interior and exterior 
noises and disturbances. 

A fireplace is ordinarily considered appropriate to a hvtng room, dining 
room and bedroom They have also found an mcreasmg favor in basement 
rooms, porches and out of doors, also m public dinmg places, offices, etc 
The fireplace besides their ornamental qualities provide both comfort and 
an air of informahty for the occupant 



Fia 1 1 — Plan of fireplace shown m fig 5 


Fireplace Foundations. — Due to the mass and consequent 
weight of the masonry to be supported, a foundation covering 
an area sufficient to carry the load of the fireplace and the 
chimney should be constructed . Where the chimney be located 
so as to be affected by frost, the chimney foundation should be 
extended to below the frost line. In building the fqundation. 
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the full size of the fireplace makes it possible to construct an 
open ashpit and other necessary flues on the same foundation. 

The footings for chimney stacks may be made of brick or concrete, but in 
either case the footings should be reinforced with steel rods and designed so 
as to transmit the load over an area that will not exceed the noni^ safe 
bearing capacity of the soil. 

Fireplace Dimensions. — ^Within certain limits the size of the 
fireplace should be proportioned to suit the size of the room into 
which it is built. In colonial days when cordwood was plenti- 
ful, fireplaces seven feet wide and 5 feet in height were common, 
especially when used with kitchens for cooking. These how- 
ever, required large amounts of fuel and were on account of 
faulty construction often smoky. 

The fireplacS- proper consists of an opening, a throat, and a 
smoke chamber and flue all of which must be dimensioned in 
proper relation to each other. A fireplace with too large an 
opening for its flue is apt to smoke and an incorrectly constructed 
throat or smoke chamber may make evenaproperly proportioned 
fireplace and chimney smoke. 

With reference to the foregoing, two qualifying factors de- 
termining the size of the fireplace should be kept in mind. 

They are: 

1 . That a fireplace opening in an ordinary size house should 
seldom be made over 30 inches in height, regardless of 
the size of the room. 

2. That except in the smallest of rooms the width of the 
fireplace should be a little greater than its height. 

Where cordwood (4 feet in length) be cut in half, a 30 inch in 
.width is desirable for a fireplace, but where coal is used as fuel, 
the opening may be narrower. Thirty inches is a practical 
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height for the convenient tending of a fire where the total width 
is less than 6 feet. The higher the opening, the greater the 
chance of a smoky fireplace. 

Another point to be borne in mind is that the wider the 
opening the greater should be the depth. A shallow opening 
throws out relatively more heat than a deep one of the same 
width but accomodates smaller pieces of wood; thus it becomes 
a question of preference between a greater depth which permits 
the use of large logs that bum longer and a shallower depth 
which takes smaller size wood but throws out more heat. 

In small fireplaces, a depth of 12 inches will permit good draft 
if the throat be properly constructed, but a minimum depth of 
16 to 18 inches is advised to lessen the danger of brands falling 
out on the floor. 

The ordinary fireplace is constructed generally as illustrated 
in figs. 12 to 15. In constmction of a fireplace the following 
essentials should be attained. They are; 

1. That the flue have the proper area. 

2. That the throat be correctly designed and have a suit- 
able damper. 

3. That the chimney be high enough for good draft. 

4. That the shape of the fireplace be such as to direct the 
maximum amount of radiated heat into the room. 

5. That a properly constructed smoke chamber be pro- 
vided. 

Table I shows the correct dimensions for fireplaces ^f various 
widths and heights suitable for the rooms of residences. 
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Table I. — Showing recommended dimensions for 
finished fireplaces 

(Letters at heads of columns refer to figs. 12 to 14.). 


OpeJ 

Width, 

w 

ning 

Height, 

h 

Depth, 

d 

Mini- 

mum 

back 

(hori- 

zontal) 

c 

Vertical 

back 

wall, 

a 

Inclined 

back 

wall, 

b 

Outside di- 
mensions of 
standard 
rectangular 
flue lining 

Inside 

diameter 

of 

standard 
round 
flue lining 

Inches 

Inches 

Inches 

Inches 

1 Inches 

Inches 

Inches 

Inches 

24 

24 

16-18 

14 

14 

16 

8Hby 8M 

H) 

28 

24 

16-18 

14 

1 14 

16 

8.4 by 84 

10 

24 

28 

16-18 

14 

' 14 

20 

8J/2 by 83/^ 

10 

30 

28 

16-18 

16 

14 

20 

832 by 13 

10 

36 

28 

4cri8 

22 

14 

20 

84 by 13 

12 

42 

28 

16-18 

28 

14 

20 

8j2by 18 

12 

36 

32 

18-20 

20 

14 

24 

83-2 by 18 

12 

42 

32 

18-20 

26 

14 

24 

13 by 13 

12 

48 

32 

18-20 

32 

14 

24 

. 13 by 13 

1 15 

42 

36 

18-20 

26 

14 

28 

13 by 13 

1 15 

48 

36 

18-20 

32 

14 

28 

13 by 18 

15 

54 

36 

18-20 

38 

14 

28 

13 by 18 

15 

60 

36 

18-20 

44 

14 

28 

13 by 18 

15 

42 

40 

20-22 

24 

17 

29 

13 by 13 

15 

48 

40 

20-22 

30 

17 

29 

13 by 18 

15 

54 

40 

20-22 

36 

17 

29 

13 by 18 

15 

60 

40 

20-22 

42 

17 

29 

18 by 18 

18 

66 

40 

20-22 

48 

17 

29 

18 by 18 

18 

72 

40 

22-28 

51 

17 

29 

18 by 18 

18 

1 . 


Dampers. — If a damper be installed, the width of the open- 
ing J. fig. 13, will depend on the width of the damper frame, the 
size of which is fixed by the width and depth of the fireplace 
and the slope of the back wall. The width of throat proper is 
determined by the opening of the hinged damper cover. The 
full damper opening should never be less than the flue area. 
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A well designed and properly installed damper is regarded as 
essential, particularly in cold climates. When no dampeil is 
used the throat opening J, should be 4 inches for fireplaces not 
exceeding 4 feet in height. 

There are several good types of dampers on the market which 
also form a lintel to carry the brickwork across the opening. 
Their use is strongly recommended. Where not used, a sepa- 
rate damper should be placed and the brickwork carried on a 
steel lintel, except where the arched opening is preferred. 

Placing the throat well forward has another advantage, namely that of 
forming a smoke shelf at the damper level. This shelf aids in stopping 
the down drafts which will almost invariably occur if the back of the fire- 
place be made to rise vertically in the same plane as the back of the flue. 

The opening above the smoke shelf should be "gathered” or contracted to 
the size of the flue by corbelling, this being done with the least height 
practicable. Up to the level of the clay flue lining, the brickwork should 
not be less than 8 inches thick, because the space immediately above the 
damper is the hottest place of the chimney. 


Flues and Flue Linings. — By definition, the flue is that en- 
closed passageway for establishing and directing smoke and 
gases through the chimney to the outside air. Although chim- 
neys may be builj. without flue linings, it is necessary to make 
therwalls at least 8 inches thick, using 'firebrick for the inner 
cour^. It is generally conceded in modern building practice 
that flues should be lined with fire clay flue lining and many 
city building Codes require this. 

Fireplace linings should be constructed either of firebrick or 
a reasonably high refractory shale brick, but they should never 
be laid up of ordinary common brick. Unless a rough and 
somewhat rustic appearing lining is desired, the bricflt for this 
purpose should be selected so that they will be uniform in size 
and free from such imperfections as warping and broken edges. 
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The mortar joints of fireplace linings should be tooled or slightly 
cdncave or should be struck and pointed flush. Mortar joints 
. should seldom be more than one-half inch wide. All spaces be- 
tween the lining and the enclosing brick masonry of chimney 
stacks should be filled in with brick and mortar as the lining is 
built. 

There is a direct relationship between the area of the fireplace 
opening and that of the lined flue. This relationship may be 
stated as follows: The area of lined flues should be a twelfth or 
more of the fireplace opening, provided the chimney be at least 22 
ft. in height, measured from the hearth. If the flue be shorter than 
22 ft. or if it be unlined, its area should be made a tenth or more 
of the fireplace opening. 

Thus, for example, if the fireplace opening be 36 x 28 inches, 
the area of tlte fireplace opening will be 1,008 square inches, 
and the lined flue area should be 1,008/12 or 84 sqaure inches. 

In the example under consideration a rectangular flue 83^ xl3 
inches outside dimensions, or a round flue with a 12 inch inside 
diameter might be used, as these are the nearest commercial 
sizes of lining as shown in table I. It should be pointed out 
that it is seldom possible to obtain a flue lining having exactly 
the required area, but the inside area should never be less than 
that prescribed in the foregoing. 

Commercial flue linings are made either round, square or 
oblong. A table giving dimensions for rectangular and round 
flue linings is given on page 1,890-344. While the round flue 
is the most efficient type to use in residence construction, 
the square or nearly square flue, with rounded corners is gen- 
erally used on account of the greater ease with which it can be 
built in the chimney stack. These flue linings are made in 
sizes that permit them to be built in without much cutting of 
brick. 



3 $ 4*12 


Fireplaces 











Fireplaces 


3S4-13 


Because the gases in a flue circulate in the center and do not 
fill the square comers, square or rectangular shaped flues ^uld 
•have a little more area in their cross section than round flues. 

If two flues ocpir in the same chimney stack, it is permissible to place 
them side by side if the joints be staggered. Wherever there is room, how- 
ever, four inches of brick should be used between all flue linings. 

Every fireplace should have a separate flue carried to the top of the chim- 
ney, with no other connection. Smoke may easily be carried by down 
drafts through connections and openings which are not in use. Not more 
than two flues should be in the same chimney space. 

Fireplace Hearth. — ^The hearth should be about flush with 
the floor, for sweepings may then be brushed into the fii^place. 
Where there is a basement, an ash dump located in the hearth 
near the back ol the fireplace as shown in fig. 17 is convenient. 
The dump coftsis'ls generally of a metal frame 5 by 8 inches in 
size, with a plate, usually pivoted, through which ashes can be 
dropped into a pit below. 

There are several methods of supporting the hearth, but the 
most common one is by means of a trimmer arch, the construc- 
tion of which is shown in fig. 17. Hearths should project at 
least 16 inches from the chimney breast and should be of brick, 
stone or reinforced concrete not less than 4 inches thick. 

When bricks are used, they may be laid flatwise to whatever 
pattern desired. These bricks are bedded in mortar spread on 
supporting arch or concrete slab, and joints between them 
should be filled with a mortar grout. 

The length of the hearth should not be less than the width of the fireplace 
opening plus 16 inches. Wooden centering under the trimmer arches may 
be removed after the mortar has set, though it is more frequently left in 
place. Fig. 17 shows a recommended method of floor framing around the 
fireplzice. 

The Smoke Chamber. — The smoke chamber leading from the 
fireplace to the flue should always be made full width at the 


ASH DUMP 



Figs 16 and 17 —Showing construction ^or ash pit in residence with full height basement The ash pit should be of tight masoni 
and should be provided with a tighth f ited iron clean out door and frame about 10 by 12 inches m size A clean-out for tl 
furnace flue as shown is sometimes pro\ided 
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opening and sides should be sloped up from the smoke shaft to 
the flue at an angle of not less than 45 degrees and should be 
reasonably smooth and free of rough projections. 



Fict is —Showing a rt coinmt ndt d mtthod of flcK>r framing around a fireplace Where a 
header is more than 4 feet in length it should lx doubled as indicated Headers upporlmg 
more than four tail beams should have ends siipjxirted in metal loist hangers The framing 
mav b« placed one half inch from the chimney tx cause the mase>nr> is K inches thick 


The lintel at the top of the fireplace should be placed 4 inches 
or more below the top line of the back or the under side of the 
throat opening regardless of whether a simple damper cover or 
cast iron throat is used. 
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Although fireplaces constructed with only 4 inches of brick- 
work between the mantel face and the throat frequently prove 
satisfactory, it is better to make this brickwork at least 8 inches 
thick up to the level of the throat. From this point the fire- 
place may be readily corbelled back and the thickness of the 
chimney breast reduced. Although chimneys are frequently 
built with only 4 inches of brickwork on the outside of the flue 
lining, an 8 inch thickness is recommended, especially in the 
colder northern sections of the country. 



Fig 19— ^Showing typical jack arch used in brick fireplace The illustralion shoMvs the arch 
on the left laid up with tapered mortar joints while the arch on the right is laid up with 
tapered brick Either method may be used to obtain a satisfactorj arch 


The flue should always be taken off from the smoke chamber directly 
over the center of the fireplace opening, even though the flue is carried over 
at an angle to the side of the chimney stack a few feet where it leaves the 
smoke chamber. The angle of this slope should never be made more than 
45 degrees to the horizontal. Where an angle run is jointed tO a straight 
run, the joint should be mitered by cutting the sides of both pieces of flue 
lining so that the sectional area will be the same throughout tAe length of 
the flue 
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Heatilators and Other Modified 
Fireplaces 

There are several types of modified fireplaces on the market 
manufactured to suit individual preferences. Generally a mod- 
ified fireplace consists of a ready built unit usually installed in 
the brickwork as shown in figs. 20 to 28. 


CONNECTION TO 
CHIMNEY FLUE 

DAMPER 


THROAT 

OPENING 


FIREBOX 


HEATING 

SURFACES 



SMOKE DOME 


DOWN • DRAFT 
SHAFT 


WARM AIR 
OUTLET 


HEATING 

CHAMBER 


. INTAKE BAFFLE 
• AIR INTAKE 

Fig. 20. — Showing a prefabricated modified fireplace of the heatilator type. 


These units are built of heavy metal or boiler plate steel and 
designed to be set into place and concealed by the usual brick- 
work, or other construction so that no practical change in the 
fireplace mantel design is required by their use. 
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Prior to selecting and erecting a fireplace, several suitable 
designs should be considered and a careful estimate of the cost 
should be made; and it should also be borne in mind that even 
though the unit of a modified fireplace is well designed, it will 
not operate properly if the chimney be inadequate. Therefore, 
it follows, that for satisfactory oper.ition, the chimney must 
be made m accordance with the rules for correct construction 
to give satisfactory operation with the modified unit as well as 
with the ordinary fireplace. 



Fias 24 and 25 -Typical modified fireplace In this modified fireplace air enters the inlet A. 
from outside and is heated as it rises by natural circulation through the back chamber C, 
and the tubes T being discharged into the room from the register B, Air for sup[)orting 
combubtion is drawn into the firt at D, and passes between the tubes up the flue. A damper 
IS also provided to close the air inlet. 

Manufacturers of modified units also cla'm that labor and 
materials saved tend to offset the purchase price of the unit and 
that the saving in fuel tends to offset the increase in first cost. 
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A minimum life of 20 years is usually claimed for the type and 
thickness of metal commonly used in these units. 



Fiq 26 — ^Typical modified fireplace In this fireplace the air is not drawn in directly from the 
outdoors but through the mitt D from the room that is being htattd The ail- is heated by 
contact with the metal sides and back of the lirt place nses b> natural circulation and is 
discharged back into the room from the outlet B or to another room on the saime floor or in 
the second story The inlets and outlets are connected to registers which mayf be located at 
the front of the fireplace The registers may be located on the ends of the firei^ace or on the 
wall of an adjacent room 
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As previously observed a fireplace should be planned as an 
integral part of the room in which it is located, and not as a 
separate unit. Therefore, the size and shape of the room, loca- 
tion and space available for the fireplace, position of doors and 
windows and the general architectural treatment will determine 
the proportions of the mantel and the size of the fireplace 
opening. 



Fias 27 and 28 —Showing a modified fireplace equipped with a copper hood suitable for smaller 
sized cord wood. If properly designed and erected a fireplace of this type generates con- 
siderable heat after the hood gets hot The wall should be of lire-resistant masonrv 


In the past it has been the general practice to set heating capacity in 
B.t.u. output ratings as guide in selecting the proper size unit. Now 
scientific laboratory tests indicate that such data is generally misleading, 
as no two fireplaces are built or operated under identical conditions . There- 
fore, claims for an increased efficiency for a modified fireplace should, at 
best, be understood merely as constituting an improvement over the ordi- 
nary fireplace and not over stoves or central heating plants. 
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Gas Burning Fireplace Heaters. — In locations where natural 
gas IS plentiful and in cities where suitable cordwood is difficult 
to obtain, gas fired space heaters are often used. 

These are prefabricated units, having input ratings m B t.u. 
per hour, and are built by various gas appliance manufaturers. 
Fireplaces of this type burning gas with a flickering flame, are 
frequently used as an auxiliary to the mam heating plant. 
Some types have imitation logs of metal perforated for gas jets. 
Any ordinary fireplace may have a gas burning unit installed 
in it, the size which generally depends upon the size of the room 
and other factors. 



I* It H 29 to 34 Illustrat mg design fc iturcs of varit us si/t gas burning lirepl ice heatt rs 1 he 
great number of styles available makes it possible to select i 1 ( nit r suital U to the dteoritivt 
period of room or material and type of 1 replace 


Prior to purchasing a heater of this type it will be necessary to supply 
the manufacturer with such information as height width and depth of 
fireplace opening kind of gas used information about flue and damper 
conditions decorative period of room or material together with general 
color of the fireplace Certain heaters of this type are equipped with a 
compartment for water that by evaporation creates oxygen arid humidifies 
the atmosphere m the room 
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Installion. — Gas burning fireplace heaters are usually fur- 
nished with a nameplate which furnish such necessary data as: 
'Input rating in B.t.u. per hour, whether the unit be designed for 
vented or unvented operation, type of gas burned, whether natural, 
manufactured, butane or propane, etc. 

All gas burning fireplaces designated for vented operation 
must have a suitable vent connection between the appliance 
draft diverter outlet and the chimney flue. No attempt should 
be made to install any gas burning space heater in an artificial 
fireplace which is intended for decorative purposes only, but 
they may be installed in fire resistive fireplaces which ha^e vent 
openings to the chimney. 

If the gas heater be designed for unvented operation, installa- 
tion is relatively simple since all there is required is to place the 
heater in its proper position in the fireplace and make the proper 
gas connection between the heater and the gas line. Gas 
should always be turned off at meter before making such con- 
nections. Gas line to fireplace should not be less than % inch 
iron pipe or equivalent size tubing. For gas heaters of over 
20,000 B.t.u. /hr. input, gas line must be of the same size as 
that of the connection on heater. Heaters should be positioned 
so that front end of back-wall does not project beyond front 
edge of fireplace opening. 

If fireplace be equipped with damper, this should be adjusted 
to leave approximately one inch opening along the entire length. 
If fireplace does not have a damper, it must be blocked off with 
a sheet metal baffle to leave an opening therein equivalent in 
area to a 5 inch diameter circle. All that remains after the 
foregoing instructions have been fulfilled is to adjust the gas 
burner according to the specific instructions accompanying the 
heater. 
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Certain unvented type gas fired heaters are designated for use in in- 
combustible, fire resistive fireplaces only, and when such designation appears 
on the nameplate it must be understood that installation is considered fire- 
proof only when made in a fireproof fireplace. 

Other Miscellaneous Gas Fired Space Heaters. — Other un- 
vented heaters (radiant and non-radiant) such as small circu- 
lators and bathroom heaters represent still another group . Un- 
vented circulators are commonly installed in fireplaces, just as 
are space heaters. Actually this makes the safest installation. 
A great number, however, are installed contrary to recom- 
mended practice. Therefore, extreme care in installing is 
urged. Since no flue connection is used, only connection to 
proper size gas line is necessary. Be very careful in positioning 
of these heaters. They should not be closer than 6 ins. to any 
wall. 

They should not be located beneath or in front of curtains or 
drapes. Bathroom heaters should not be located under towel 
racks or in hazardous places. Remember that the use of un- 
vented heaters in sleeping rooms is prohibited. Strictly speak- 
ing, they should only be used as auxiliary heaters in a home. 
They should not be used in tourist cabins, motels) etc. Stores, 
factories, service stations, etc. offer much more latitude in the 
use pf unvented heaters. However, even in commercial instal- 
lations, unvented heaters should never be used in rooms not 
having continuous air change (outside ventilating air) equiva- 
lent to six air changes or more per hour. 

All this may seem to overstress the correct use of unvented heaters, 
but it at least points to the source of most troubles with gas space heaters. 
A common objection to the unvented heater is the odor from unit improperly 
adjusted . Another is excessive moisture from flue products , causing sweat- 
ing on walls and windows, as well as mildew, rot, rust, warping of woodwork 
or floors, peeling of paint and wall paper. It must be remembered that if 
the products of gas combustion are not removed from a room,! then tuese 
objectionable conditions will continue to annoy and dissatisfy the user. 
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Gas Piping — ^The installation of all gas piping is customarily 
governed by local ordinance and it is urged that the installation 
of gas fired heaters be installed in strict accordance with such 
regulations, whether City or State. The following good piping 
practice recommendations should be followed in each installa- 
tion: 

1. In no case shall size of gas supply pipe to appliance be 
less than inlet connection of the appliance being in- 
stalled. 

2. All material used on the job shall be new, standard 
weight wrought-iron or steel pipe. 

3. Pipe ends shall be thoroughly reamed after threading 
and bfcfoie making up. 

4. When necessary to connect 2 sizes of pipe, reducing 
coupling shall be used. 

5. All house piping shall be securely fastened to floor joists 
or sills, with galvanized pipe straps or pipe hooks. 

6. All branch outlet pipes shall be taken off top or sides 
of horizontal lines. Not from bottom. Crosses shall 
not be made on horizontal lines. 

7. All house piping shall be graded to a drip located in an 
accessible place. Where possible, house piping should 
be drained away from meter and drip installed at far 
end of main supply line. As an alternative, install drip 
at meter, but grade pipe to it. Drip pipe shall be at 
least 6 ins. long and be of same size as that to which it 
is attached. It is important that drip pipes be readily 
accessible at all times, never used to attach fixtures or 
appliances. 
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8. When it is necessary ti-cross through wood joists or 
beams in piping, never notch deeper than one-fifth (K) 
the depth of such timbers, nor farther out than 24 ins.' 
from wall or other support. 

9. All gas installations shall be provided with a lever type 
stop cock installed in supply line between meter and 
union of appliance. 

10. All piping installed in the ground or beneath houses 
where exposed to sudden temperature changes and freez- 
ing shall be suitably insulated for protection. 

Making Gas Connection — Once flue connection to appliance 
has been completed, the next step is to attach the appliance to 
the gas line. Essentially this means connecting appliance to 
meter or to gas line stemming from meter. Gas meter should 
be checked in advance to insure sufficient capacity for the 
installation. 

For gas fired space heaters having less than 45,000 B.t.u. /hr. 
input on natural, mixed or LP (liquefied petroleum) gases, a 

in. pipe is usually satisfactory for supply. For heaters 
having greater input, % in. pipe is recommended. Capacity 
required for other equipment installed on the same line must 
also be considered. 

When controls are installed in gas line ahead of appliance, manufac- 
turer’s specific instructions and recommendations should be followed. 

Checking Piping for Leaks — When piping has been completed 
and heater has been coupled to gas line, test all joints for leaks. 
Never take chances by checking gas lines with a lighted match or 
candle. Do it the safe way with soap and water. Merely apply 
a heavy solution of soap suds to joints. Tell-tale bubbles will 
promptly appear to point out the leaks. 
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If leaks be discovered in the checkup, mark joints needing 
attention. After completing test, go back over the line tight- 
•ening joints till leak-proof, but not until after gas supply in line 
has been shut off. Above all, never attempt repairs on a gas 
line while there is a lighted flame and under no circumstances 
attempt to light and operate heater with leaks in gas line. 

Installation Rules . — ^The following rules apply to the installa- 
tion of gas burning fireplace and other gas fired space heaters: 

1. Check nameplate on heater. Be sure it is designed for 
the gas available. 

2. Follow installation and adjusting instructions (Packed 
with heater) . 

3. Adjust heater to correct input rating by checking gas 
meter, (for LP-Gas heaters, by setting line pressure at 
appliance to 11 inches). 

4. When all piping has been completed to lieater, check en- 
tire line for leaks. (Use soap and water solution in testing 
— never a lighted match). 

5. See that there is sufficient air for proper combustion. See 
that there is adequate air supply for proper venting. 

6. Be sure that venting of heater is correct. (Refer to in- 
structions packed with heater) . 

7. Check to see that chimney is clean, unbroken and in good 
condition generally before connecting vent to it. 

8. Thoroughly read all instructions on operating procedure 
of heater and controls. Keep all instructions in a safe 
place that they may be readily available for further 
reference. 
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Smoky Fireplaces. — ^When a fireplace smokes, it should be 
examined to make certain that the essential requirements of 
construction as outlined in this chapter has been fulfilled. If 
the chimney be not stopped up with fallen brick and the mortar 
joints be not too loose, note whether nearby trees or tall struc- 
tures cause eddies down the flue. 

To determine whether the fireplace opening is in correct pro- 
portion to the flue area, hold a piece of sheet metal across the 
top of the fireplace opening and then gradually lower it, making 
the opening smaller until smoke does not come into the room. 
Mark at the lower edge of the metal on the sides of the fireplace. 

The opening may then be reduced by building in a metal 
shield or hood across the top of the fireplace so that its lower 
edge is at the marks made during the test. The trouble of 
smoky fireplaces can also usually be remedied by increasing the 
height of the flue. 
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CHAPTER 79 

Ornamental Brickwork 


Ornamental Brickwork. — Numerous difficulties are presented 
to the bricklayer on finished work because of the many designs 
or panellings, projectings, etc., introduced by architects in 
their designs, as on front of buildings, cornices, etc. To get 
these effects, bricks must be laid in a multiplicity of ways 
resulting in the bricklayer being confused as to how to get the 
bond to come out right. Hence, mental effort as well as skill in 
brick laying is required in ornamental brick work. Panelling 
is largely used, but need not here be considered as it has already 
been explained in Chapter 70. There is a laige field for design 
in surface ornament by means of brick moulded to special 
shapes. Moulded brick cornices, belt cornices, and in fact 
any moulded work of brick is much cheaper than stone. 

Laying Brick Mouldings. — It is difficult in this worK to get 
the moulding to run straight and true because nearly all 
moulded brick become somewhat uneven and distorted in 
contour from moulding and burning; hence, when they are laid 
in the wall, the ends that come against each other do not match 
evenly. The best moulded brick are nearly free firom this 
defect. 

If the brick be carefully averaged when laid, so that the ends 
will match as nearly as possible and the joints are neatly ruled, 
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Figs. 4,567 to 4,577.— Various Pompeian size (12X4Xm) ornamental Iront brick. 
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the uneven effect may be largely overcome. The distortion 
shows less in header brick than in stretcher, because they have 
less surface to distort. 

The projection of the brick in mouldings, belt courses, etc., 
should be as small as possible to carry out the design in order 



'A OVERLAP 

I CORBEL 
COURSE HEADERS' 

Fig. 4,587. — Brick corbel having first course of headers and or maximum overlap. 

that the brick may bond back into the wall. If the projection 
be too great, there is danger of the brick falling out. 


Corbeling. — The term corbeling means the projecting courses 
of brick designed to carry some load; it may be to si^pport the 
gutter that receives the water from the roof or it ^ay be to 
receive a wall plate, etc. 
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In corbeling it is very important that the bricks of each 
projecting course do not extend out or overlap more than 2 
inches, or half the width of a brick. With this restriction the 
first projecting course may be a stretcher course. An ex- 
ample of brick corbeling with two inch projections is shown 
in fig. 4,587. 



Fig 4,588 and 4,589 — Hydraulic Press Brick Co ornamental external returns The return* 
of a few shapes are made square and Rive same effect for either corner Most returns are 
made only right hand or left hand but may be used for either coiner as above. 

Corbeling should be done gradually, ranging from to 2 inches in each 
projecting course. However, no corbeling should extend more than the 
thickness of the wall, for heavy corbelmg has a tendency to throw the wall 
out of balance and thus we run the risk of having the wall fall. 

Corbeling should be well backed up and bonded at each course, and the 
joints filled flush. 

Belt Courses.— The top of ail brick belt courses should be 
laid in beveled brick, so as to give a wash to the top of the 





1,908 - 362 Ornamental Brickwork 


coixrse, as shown in fig. 4,591. The top course should be laid 
as a stretcher course provided it does not project more than 
3 ins. from the face of the wall; this reduces the number of 
end joints in the brickwork. In belt courses, the brick should 



Fig. 4,590 — Hydraulic Press Brick Co ornamental jamb brick with binders-^traight line. 
R, external return, P M, internal panel mitre, H, header, E, P, M, external panel mitre; 
B, binder. 

be laid in cement so that the mortar in the joints vfill not be 
washed out. If the top course be a stretcher course, the 
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Fig. 4.592. — Belt courses with lead sheet protection where beveled brick are not u^i-d for the 
top course. 
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course under the beveled brick, or curved brick course should 
have at least every other brick a header. 

When beveled brick are not used, some means of protecting 
the projecting brick from the wet as the rsiin will eventually 
soften the joint and penetrate into the wall . This may be done 
by means of lead sheets as shown in fig. 4,592. 



Fkc. 4,593. — Conventional chimney capping illustrating boLli corbeling anJ racking. 


Racking. — This is the reverse of corbeling and may be de- 
fined as the method of building the end of the wall, or a lead by 
setting back each course to form a series of steps. 

With old English and Flemish bond, the racking may show 
steps of as little as two inches. It is important that the rack- 
ing bricks should be lined up and their faces kept plumb. 
Fig. 4,593 is an example of racking (and corbeling) ,as seen i]> 
the familiar chimney capping. 
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Fig 4,594 — Battered brick pier diminishing by ^ in 
stepping from ba^v. to the top and capped with a bond 
stone on which a granite block is set and on which 
rests a cast iron column. 



Fig 4,595 — Twenty four inch brick pier with 
stepped up bast, and one bond stone set 15 
courses up 1 his lai piei lo here repiestnted 
in course of construction and mvolveti much 
bricklaying and consequently caidul bond 
ing and full grouting It is strengthened for 
bearing purposes with bond stones properly 
•paced. 




I 


i: 


I 
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Battered Brickwork. — Some structures as high chimneys and 
towers, are built with walls not perpendicular but converging 
toward the top to give stability. This diminishing width or 
baiter is the same as racking only in a much smaller degree. 
The degree of batter is expressed in inches per foot, per 5 ft., 
or per 10 ft., as the case may be. 
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CHAPTER 80 

Repairing Oid Brickwork 


It often happens that because of defects in the design, poor 
material, settlement of foundations, damage is done to the 
brickwork, repairing repairs. The conditions just mentioned 
result in bulging walls, cracks and collapse of part of the 
brickwork. 

Unsafe Walls. — ^'I'he walls of buildings become unsafe from 
many causes, such as: bad judgment or haste in building, the 
natural decay of the materials, exposure to climatic changes 
and chemical action; long usage; overloading, etc. Foundation 
walls frequently bulge inward due to filling in the earth before 
the mortar has set; an example of haste as shown in fig. 4,596. 
The proper remedy is to re-excavate the fill at the bulge, re- 
move this portion of the wall, then re-brick to its true position 
and give the mortar plenty of lime to set. 

If this be too expensive or impractical, the bulge could be reinforced by a 
buttress on the inside. If it be desired to use the space otherwise, the fill 
could be excavated and an outside buttress built being careful to strongly 
bond the buttress to the bulging brickwork. These remedies for a founda^ 
tion bulge are shown in figs. 4,597 to 4,b99. 

A difficulty sometimes encountered is that of an adjoining 
building with walls out of plumb. 



1,914 -368 Repain/^f,' Old BrickwoiK 


One method of treating such cases is to line up the overhanging wall with 
brickwork crying it up plumb until it practically merges with the old 
wall, anchoring it to the latter with L anchors, and furring out the receding, 
wall with tapered wood studding thus obtaining perpendicular surfaces. 
This method has the advantage that the tenants in the adjoining buildings 
are not disturbed. 



Fig. 4,596. — ^Bulging foundation wall due to filling in before mortar fiard<>ned. 


Another source of trouble is buckled walls due to overloading 
in the center of the joist span. 


Since the joists are securely anchored to the side walls o| a building 
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obliquely against the walls of a building to support it, should 
it be in danger of falling, or whenever alterations are being 
made to its base. Naturally, if an excavation be carried 
close to the walls of an existing structure, the pressure will 



Fid. 4,b00 — Leaning ^alls of adjoining building*^ out of plumb and method of leaking plumb 
/nierior walls of building under construction 
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BErORE LOADING 



Figs. 4,b01 and 4,602 — Before and after overloading a floor, showing cause of bulged walls. 




Fig 4,603 — Method of reinforcing joists with strut and tension rods to prevent sagging ana 
resulting buckling of walls. I n design make the strut of ample length to a void undue tension 
in the rods 
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tend to force the footings sidewise, and a collapse is threatened. 
Buckled walls may be shored as shown in fig. 4,604. 

Here the end of the shore is placed against the wall and a substantial 
cross piece or bridge attached to the joists as shown. Where there is no 
footing to take the thrust of the shore, as the bridge attached to the joist 
in fig. 4,604, the brickwork must be partly cut away to receive the end of 
the shore as in fig. 4,60.5. 

Often several shores of different length radiating from an 



f^G. 4,604. — Shoring a bulged wall with inside shore. 

outside point are used to brace an outwardly bulging wall at 
the different floors. 

Here holes are cut in the face of the brickwork to secure the upper ends 
of the shores, while the bottom ends rest uoon a sole plate or pbtes solidly 
embedded in the ground. 
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The following table gives the dimensions of raking or spur 
shore timbers of spruce or yellow pine. 


For walls from 


Shore Table 


Inches Inchts 


15 to 20 feet in height 
20 “ 30 “ 

30 " 40 “ 

40 « 50 « 

50 “ 75 " “ 


4X 4 to bX 6 
4X 8 " 6X 8 
6X 8 « 8X10 
8X 8 « 10X10 
10X12 « 12X14 



Fig 4,605 —Outside shore let into brick wall to secure footinp Note plat#* which transmita 
the thn’st from shore to the brick woik 
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Beyond 75 ft. combinations of shores must be used. To prevent tw 
parallel walls bulging, spreading braces or fly shores are placed as shown in 
fig. 4,606. 

Where extra long fly shores must be used they are prevented sagging by 
diagonal braces framed in under them at the ends arid spiked as indicated 
by the dotted lines. 



Fitf. 4,606. — Walls of two adjacent buildings braced by fly shores. 


Needling. — In repair work, the term needle means a lem- 
porary support used by builders to sustain a wall when repairing, 
consisting of a heavy beam , supported by props . More specifically 
it is a heavy beam used for the temporary support of a wall during 
repairs, by threading it through an opening in the wall and sup- 
porting it bv a prop at one end or at both ends, as s^howp in figs. 
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4,607 to 4,610, respectively. Needling is attended with less 
fisk than shoring. 


Underpinning. — ^When a new building with deep footings is 



Rgs. 4,607 and 4.608.— Method of supporting wall with tingle shore needle. 

to be constructed adjoining an old building, the footings of 
which have not been carried down to the depth that is re- 
quired for the new building, it is necessary to rebuild the 
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footings of the old building if the soil be not of such character 
as will give adequate support while the footings for the new 
buildings are being constructed. When new footings have to 
be built for the old building, underpinning is necessary. 



Figs. 4.609 and 4,610 -—Method of supporting wall with double shore needle. 


The usual method of underpinning is by the use of brick 
piers well bonded. 
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During the removal of the old footings and construction of these piers 
the wall of the building is supported by needling 

The needles being in place and the weight of the wall having been trans- 
ferred to them the footings are removed and piers constructed extending 
down to the level of the footings of the new building In first class work 
these piers are capped with two stones dressed top and bottom with iron 
wedges placed between them After the mortar m the pters has hardened 
these wedges are then driven between these stones in opposite pairs, one 
from the inside and the other from the outside, care being taken to dnve 



Fig 4 611 — Cantilever needle method of under pinning old building for the erecticn of new 
foundation or pier reinforcement to ol i foundati m 


them evenly from both side^ They are dnven home or until the top stone 
bears against the bnck wall and then its weight is transferred from the 
needles to the piers This condition can be readily seen by the straightening 
of the needles when relieved of the loads 

The sides oetween the pieis are filled in with a light retaining ^all, 
and the space between the cap stones grouted, the needles removed and 
holes bncked up The spacing of the piers, their sre etc , will of course 
depend upon the ''onditions met with in an v particular case these conditions 
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are so varied and so many that instructions cannot be given to meet every 
case. 

In general it may be said that underpinning operations 
should be very carefully performed and should never be at- 
tempted except by those having considerable experience in this 
line. 



Fig. 4,612 — ^Side view of wall of old building supported by needles during the erection of piers 
extending down to level of foundation for nc\r building. 


Repairing Cracks. — Inadequate foundations, poor drainage 
or other causes which result in settling of foimdations, cause 
cracks in walls. 

In general, the settled portion of the foundation should be 
reinforced by piers or rebuilt and the walled pressed up to its 
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original position by capstones and wedges, the surface brick 
along the crack being cut out and the area rebncked. Where 
the wall is not pressed back into position the crack cein be 
concealed by cutting out and rebncking, augmenting the 
joints to fill Figs. 4,613 and 4,614 show crack in wall and 
bnck removed for repairs. 



I (cs 4 613 ill 1 4 614 — Appearance of ciack in brick v, ill ani brick ci t out for rvpairs 


Repointing. — /\fter brickwork has aged, the morlar, espe- 
cially if it be ot inferior quality, will fall off more or less from 
the outer part of the joints. When this condition obtams, it 
IS necessary both to preserve the strength and appearance of 
the bnckwork to refill the joints, this operation is called re- 
pointing. It consists in raking out the decayed mortar from 
the lomts to a depth of at least H m. and filling the same 
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with cement or some hard setting mortar. Repointing is 
illustrated in figs. 4,615 to 4,617. 


Cleaning. — Walls faced with pressed brick should be cleaned 
soon after completion. To do this a solution of muriatic acid 
and water is used in the proportion of from 15 to 20 parts of 
water to one part of acid. It is applied with scrubbing brushes 






Strength of Brickwork 361 - 1,92? 


CHAPTER 81 

Strength of Brickwork 

The enormous strength of brickwork is not generally appre- 
ciated but the results of tests show that code requirements 
are in some cases too conservative, resulting in piers and walls 
unnecessarily expensive and bulky, taking up more room than 
is necessary. 

The Common Brick Manufacturers’ Association working 
with the U. S. Bureau of Standards and other bodies are con- 
ducting important investigations on the properties of brick- 
work which will result in exact engineering data upon which 
accurate formulae may be based. This will undoubtedly enable 
engineers, architects, and others to take full advantage of the 
great strength of brickwork by reducing the factor of safety, 
which heretofore, because of uncertainty as to the strength of 
brickwork, was unreasonably large. 

Compressive Strength. — According to Prof. Ira O. Baker, 
“It would seem that reasonably good brick laid in good lime 
mortar should be safe under a pressure of 20 tons per sq. ft. 
and that the best brick in good Portland cement mortar should 
be safe under 30 tons per sq. ft.” The compressive strength 
of individual brick as has been ascertained from tests, is ex- 
tremely high. Brick from practically all the states have been 
tested and some of the results are given in the following table: 


1 , 928*382 Strength of Brickwork 


Compressive Strength of Individual Brick 


(Tested Flat) 


Brick 

Lbs. per sq. in. 

Tons per sq. ft. 

Arkansas 



Red grade 1 

12,253 

953 

" " 2 . . . 

11,966 

860 

" “3 

5,620 

406 

Illinois 



Shale building brick 

10,690 

770 

Underburned common 

3,920 

280 

Kentucky 



Dark gray 


1,442 

Gray 


1,210 

Dark green 

7,243 

521 

Red 

5,290 

380 


The values given represent the ultimate crushing strength and the 
great range in strength of the various brick indicate the importance to 
specifying the kind of bnck to be used when proportioning the brickwork 
for heavy stresses. 

Strength of Mortar. —Tests at Columbia University by P^of. 
Macgregor indicate that while cubes of cement mortar are 
stronger than cubes of cement lime mortar, brickwork laid in 
cement lime mortar (using a 1 — 1 — 6 mixture) is stronger than 
when a straight 1 — ^3 cement mortar is used, this being attrib- 
uted to the increased plasticity given by the lime, resulting 
in a more thorough bedding of the brick and more complete 
filling of the joints calling into play less of the transverse 
strength of the brick units. 

The Bureau of Standards tests showed practically no difference in strength 
of straight 1 — 3 Portland cement mortar and similar mortar ih which 35% 
by volume of cement was replaced bv lime. 
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Cement lime mortar is cheaper and saves bricklayers’ time because of 
its greater plasticity. Lime mortar, while naturally weaker than cement 
or cement lime mortar, produces brickwork strong enough <br many pur- 
poses. 

Relative Strength of Individual Brick and Brickwork. — 

There are several factors which influence the strength of brick- 
work: 

1. Strength of individual brick. 

2. Strength of mortar. 



Fig. 4,618.— Test piers for Racquet and Tennis Club building. New York City, illustrating 
strength of old brickwork age 16 years. These pu rs were taken for Usting during the course 
of demolition of the building. The results of the tC'.ts are tabulated in the table on the 
next page.. 

3. Bond of brickwork. 

4. Relation of length and thickness of wall or pie^ to un- 
supported height. 

A sufficiently close ratio has not yet been established be- 
tween the strength of individual brick and of brickwork. The 
strength of the latter is proportionate to both the compressive 
and transverse strength of the brick, although recent tests 
indicate that the strength of brickwork may be in closer 
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proportion to the transverse, than to the compressives trength of 
the units. Possibly the strength of brickwork may bear a closer 
relation to the tensile strength of the brick units rather than 
to their transverse or compressive strength. 


Tests on Old Brickwork from Racquet and Tennis Qubj 
New York City 
By Rudolph P. Miller 


Speci- 

mens 

Height 

Area in 
Compres 
Sion Sq in 

Ultimate Strength 

First Crack 
at Ib 

per sq in 

Inches 

Gsurses 

ToUl lbs 

Per Sq 
in . lbs 

1 

A 

B 

C 

“Avera 

23M 

27H 

24M 

2m 

ge ultim 

9 

10 

9 

8 

ate str 


268,970 
181,000 
390 000 
365 000 
specimens 

1 , B and C 

*1,389 
877 
♦2,093 
*1 862 

516 

640 

1588 

1275 

lbs sq in. 

1 781 


The bearing plate on Pier A was uneven and this is believed 
to be the cause of the lower recorded strength of his pier The 
average ultimate strength including Pier A is 1555 pounds per 
sq. inch. 

strength of Bonds in Piers. — ^According to the U. S. Bureau 
of Standards, “the opinion prevails that the tying in of ma- 
sonry with header courses helps to strengthen piers against 
bulging action, thereby increasing the strength in proportion 
to the number of headers used.” Results obtained in recent 
tests of brick piers, however, show that variations in the num- 
ber of header courses used do not have a positive effect on the 
compressive strength of the pier. 

The full strength of brickwork cannot be obtained without 
good bond. 

Stretchers develop longitudinal strength and headers, transverse strength. 
If the foundation of a bnck wall settle unevenly, some stress will be caused 
m the direction of the length of the wall It would appear^ therefore, to 
build a solid wall mostly of stretchers with just enough hewers to tie it 
together. ’ 
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Strength of Brick on Edge.— When tested to destruction, 
a pier fails by vertical cleavage, little crushing of the bricks 
being apparent, this being due to the unequal loading of the 
individual brick as the pier is compressed. It follows there- 
fore that any method of construction which would increase the 
depth of the brick courses or the component parts of the pier 



a void in the mortar joint, showing that there was an uneven pressure on different parts of 
the brick causing flexure in the bnck with subsequent rupture 
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would increase its strength. In the Watertown Arsenal tests, 
this was done by laying the brick on edge; also by breaking 
joints every sixth course when laid flatwise and evay third 
course when laid on edge. On these tests face brick were laid 
in 1:1 cement mortar. 






P'ics. 4,623 to 4,626. — Piers used in the Watertown Arsenal tests. Fig. 4,623, pier with brick 
fold flat, joints broken every course; fig. 4,624, pier with brick fold hat, joints broken every 
sixth course; hg. 4,625, pier with brick on edge, roints broken every cours<|!: hg 4.626, piet 
with brick on edge, iomts broken every third course 
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The following table shows the gain in strength (which would 
probably be greater for softer mortars). 

Strength of Brick 


(For various methods of laying) 


Methcxi of Laying 

Percentage gain 
in strength 

Brick flat 


Joints broken every course 

0. 

“ “ " sixth course 

7.2 

Brick on edge 


Joints broken every course 

43.6 

** “ “ third course 

57.1 

1 


The following is a record of the above mentioned Watertown Arsenal 
tests: 

Use of Brick on Edge Piers. — It would appear from the 
Watertown Arsenal tests that brick piers may be strengthened 
without increasing their area by using brick on edge. Pro- 
jecting pilasters may sometimes be avoided by laying short 
lengths of wall of hollow or solid brickwork on edge where con- 
centrated loads occur. 

If brick on edge piers be built hollow, some method should 
l)e employed to hold brick units in place in case of severe fire. 
This may consist of a stout wire laid in the mortar joints of 
each or alternate courses. The wire should be continuous 
around the pier with ends lapping well over each other. It 
should be specially noted that the courses of brick on edge 
piers line with the courses of Ideal walls, thereby making it 
convenient and easy to bond Ideal wall construction to piers 
of brick on edge. 
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Strength of Piers Influenced by Height.— For a given size 
(cross area) of pier, the higher it is built the less its compressive 
strength. An elaborate series of tests were made on piers 
havingthesame cross area, and ratio of height to breadth varying 
from 4:3 to 78:8. 

Influence of the Strength of Mortar on Piers 


(Mortar* 1 lime, 3 sand Age. 28 days) 


n«r 

No. 

Coiopressive 
Strenctb of 

Mortar Mixture 

Compressh'6 
Strength of 
Piers 

Bricks 

Mortar 


1 

2 

3 

4 

5 
« 

7 

Lbs /in > 
4040 

4040 

4040 

4040 

4040 

4040 

4040 

Lbs Vi n * 

0 

38 

355 

095 

1280 

1040 

2620 

Dry sand 

1 lime, 3 sand 

2 lime, 1 cement. 9 sand 

1 lime. 1 cement. 6 sand 

1 hme, 2 cement, 9 sand 

2 lime 1 cement. 7 sani^ 

1 cement 3 sand 

Lbs /in.* 

740 

740 

1420 

1840 

1700 

1030 

1080 


Influence of Varying the Height of Piers. 

(Mortar 1 hme. 3 sand) 


Pier 

No. 

Compressive 
Strength of 
Bricks 

Breadth 
of Pier 

Ratio, 
Height to 
Breadth 

Compressive 
Strength of 
Piers 

1 

Lbs /in * 

3200 

Inches 

10 6 

4 3 

Lba /in * 

2340 

2 

3260 

10 6 

8 7 

2320 

3 

3260 

10 0 

13 0 

1940 

4 

3260 

10 0 

17 4 

1020 

5 

3260 

10 0 

21 7 

1090 

0 

3260 

10.0 

26 4 

1020 

7 

3200 

10 0 

30 7 

Broken 

8 

32G0 

10 0 

35 4 

780 - 

0 

3200 

10 0 

39 5 

880 

10 

3200 

10 0 

43 4 

880 

11 

3260 

10 0 

48 8 

760 

12 

»60 

^00 

10 0 

53 2' 

780 

13 

10 0 

67 5 

540 

14 

3260 

10 6 

01 8 

010 

13 

3260 

10 0 

65 8 

600 

10 

3260 

10 0 

09 7 

600 

17 

3260 

10 0 

74 5 

610 

18 

1260 

10 6 1 

78 8 

010 


In these tests the compressive strength varied from 2,340 lbs. per sq. in. 
for the 4.3 ratio pier to 610 lbs. for the 78.8 ratio pier. In the brickwork 
the mortar was composed of 1 lime and 3 sand. These tests show how 
greatly the strength is influenced by height 

According to the U. S. Bureau of Standards the important 
conclusions arrived at are: 

1 That primary failure of piers is caused by transverse failiire of indi- 
vidual brick. 
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2. The ultimate strength of the pier may be increased by any method 
of construction which increases the depth of the component parts of the 
pier. Laying brick on edge instead of flat; breaking joints every few courses 
^tead of every course; or using brick of more than ordinary thickness 
are methods that will produce this result. 

3. The ultimate strength of brick piers is proportional to the com- 
pressive and transverse strength of the brick. 

Brick and Imitation Brick. — Genuine brick are burned. 
There are now on the market imitation brick which are not 
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Fig. 4,627. — ^Bnck walls ready for tesUng, 


burned and which have only a fraction of the strength weathev 
resistiveness and fire resistiveness of real brick. 

Recommended Thickness of Walls. — The walls of residen- 
tial buildings, above the basement, where such walls do not 
exceed 30 ft. in height, may be safely built of soiid brickwork 
8 ins. thick. A gable of moderate height may bu added to the 
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above without increasing the safe minimum allowable thickness 
of the walls. Basement walls should ordinarily be twelve ins. 
thick, unless the basement be shallow or soil conditions very 
favorable. Many large cities permit 8 in. walls for the usual 
residential building. 



Fig. 4,628 — Eight-wich Ideal wall, 6 ft. wide and 9 ft. high, in ten million pound testing 
machine 


*Thiii Brick Partitions. — For interior bearing or n^n-bearing 
partitions in residences the 4 in. brick wall is strohg and much 
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more fire resistive than partitions of wooden studs and theii 
use is recommended for at least some of the partitions in resi- 
dences. 

Such partitions have ample strength to carry floor joists at the first 
floor, second floor and attic levels. They must either extend up from the 
basement floor or be carried on steel joists at the basement ceiling level, 
supported on brick piers. 


i 



Pig. 4,629. — Eight inch ideal wall test structure designed by Virgil Allen formerly building 
commissioner of Cleveland and built for the inspection of the building officials conference, 
held in Cleveland, 1921. Santl box, sand and walls weigh 82 tons or 6,750 lbs. per ft. run at 
base of walls, ^^o sign of distress observed. 

Thickne ss of Ideal Walls. — Local ordinances govern the 

NOTE. — Quality and crushing strength of brick. Theoretically, a brick of the very 
best quality should be regular and true in shape and free from kiln marks or depiession caused 
by pressure of the brick aLx)ve it in the kiln . It should be well burned throughout, tree fromiumps 
of lime, large pebbles, air bubbles or fissures, of firm compact texture and fairly even in color. 
It should give a clear ringing sound when struck a sharp blow with a hammer or against other 
brick. The crushing strength of brick is valuable mainly in comparing different brands or 
makes, and does not represent the strength of the brick masonry, as this strength is dependent 
on the strength of the mortar and care in laying, as much as on the strength of the brick. Con- 
sequently, the crushing strength of the brick is relatively not of great importance unless the 
mortar used is pi actically as strong as the brick, as would be the case with the use of cement or 
strong cement lime mortar. — Hool and Johnson 

♦NOTE. — In European countries it is standard construction to use 4 in. brick walls for 
bearing and non-bearing partitions m residences and olher buildings having only moderate 
floor loads and ordinary story heights. Such walls are frequently built three stories high and 
support the joists at each floor level. Non-bearing partitions of brick ep adge arc used ex- 
tensively also 
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permitted wall thicknesses m various localities. In their ab- 
sence the following safe minimum thicknesses may be followed; 

Above the first floor line the 8 in. wall is recommended for enclosing walls 
of two and one half story residences, residential buildings (such as apart- 
ments or club buildings), or other buildings having similar light floor loads 
and in which story heights and unsupported lengths of wall are not ex- 
cessive. 

For three story buildings similar to those described above, the first 
story should have a 12 >2 in. wall and an 8 in. wall, above and for four 
stories, the first and second story walls should be 12]>^ and 8 in. above. 

For resisting earth pressure, basement walls for residences, whether 
the superstructure be brick, frame, or any other material, should ordi- 
narily be 12^-^ ins. thick. Whether the basement be shallow or the soil 
dry and gravelly or of such consistency that earth pressure will not be 
excessive, basement walls for residences up w two and one-half stories 
high may, under favorable conditions, be built 8 ins. thick if of brick. 
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CHAPTER 82 

How to Figure Brickwork 

Estimating the number of brick in a wall would be a very 
simple operation were it not for the space taken up by the 
mortar. This latter item evidently varies with the thickness of 
the joint which ranges from H to ^ in. or more. 

The number of brick considering the joints may be obtained 
by two methods: 

1. By volume of the brickwork. 

2. By area of the wall surface. 


1. Volume Method 

Unit of Measurement. — Considering both the brick and the 
mortar, the space tziken up by each brick and mortar in the 
joint will depend upon whether one side of the brick be on the 
outside surface of the wall as in 4 and 8 in. walls, or whether 
the entire brick be covered by mortar as in the case of bricks 
in the center of a thick wall, also whether the brick be a stretcher 
or header. 

. The space across the wall need not be considered as the 
net width of wall is taken in making the calculation. 
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Case 1. Stretchers. 

This condition is shown in fig. 4,630. Hence the volume of 
mortar per brick will equal thickness of joint multiplied by 
sides A and B. Evidently the mortar in the central joint 
between the two rows of stretchers of an 8 in. wall or on both 
sides in a brick wall need not be considered as its thickness is 
not added to the thickness of the wall in figuring. 


Case 2. Headers. 

When brick are laid crosswise as in a header course, the 


STRETCHERS HEADERS 



riG<i. 4,630 and 4,631. — Stretcher and header brick showing space taken up by the mortar. 


space taken up by the mortar will be estimated by sides A and 
C of the brick as shown in fig. 4,631. Evidently a different 
amount of mortar is required for a header than for a stretcher. 


Example . — Estimate the number of brick required lor the small garage 
shown m figs. 4,632 and 4,633, 8 in. walls, 8 X 234 X 35i fate brick with 
54 in. joints. 

Rule. — Determine net volume of the brickwork (deducting openings) and 
divide by volume of unit brick and mortar. 





3(aPPR0X) 
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Gross volume sides = 2 (12 X 9 X + 2 (20 X 9 X ^)-360.cu. ft 

IZ IZ 

Deduct; 

Five3 X 6 windows = 5 (3 X 6 X =* 56.3 cu. ft. 

One7H X9door = 7}^ X9 X^ =42.2 “ 

total deduction 98.5 cu. ft. 98.5 “ ” 

net volume brickwork 261.5 “ “ 



Figs. 4,632 and 4,633. — Front and rear view of 12 X 20 garage with 8 in. brick walls, 
courses. 


Now for an 8 X 2J^ X 3 face brick unit with mortar joint volume 
of unit stretcher brick and mortar is as shown in fig. 4,636. 

Volume of unit brick and joint = 8J^ X X 2J^ = 77.35 cu. ins. 

To obtain number of brick in walls divide net volume of brickwork by 
volume of unit brick and joint. Since net volume of brickwork is in cu. 
ft. and volume of unit brick and joint is in cu. in. reduce the latter to cu 
ft. and divide, thus. 

Number of brick = 261.5 -f- = 261.5 X~^= 5.842 

1,728 77.3a 
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2. Area Method 

This method consists in computing the net area of the surface 
of the brickwork and multiplying the sq. ft. thus found by 
the number of brick required per sq. ft. of surface which gives 
the number of brick for a 4 in. wall. Evidently if the wall be 
8 ins. thick twice the number of brick as above found would be 
required, etc. If the brick to be used measvire approximately 
8 X X 3M. the tables on pages 397 to 398 will be found 



convenient. The following tables issued by the Common 
Brick Association are provided to cover the principal variations 
from the size mentioned. Old fashioned, inaccurate rule of 
thumb methods for finding the number of brick in a wall are 
never used by up to date contractors. 

The only way to arrive at the exact cost of the brick and 
m(»tar, and the time to lay them, is to figure the acti^ number 
of bricks to be used . 
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Number of Brick required for every square foot of 
Brick Wall 4" to 4^" thick 

5^'^ joints. No. joints. No. joints. No 

of brick in each of brick in each of brick in each 


Size of Brick square foot. square foot. square foot. 

X 4 X 61^ 6 5M 

814 X 4 X 2H 53^ 5H 

83^ X 41^ X 23^ 534 5 

8^ X 434 X 2^ 5 4^ 


Number of Brick required for every square foot of 
Brick Wall 8 ' to 9" thick 

joints. No. joints. No. joints. No. 

of brick in each of brick in each of brick in each 


Size of Brick squaieloot. square foot. square foot. 

834X4 X234 13 12 1134 

8>4 X 4 X 2^ 113^ 11 lOH 

83^ X 4^ X 2^ 1134 1034 10 

834 X 434 X 2M 10 934 9 


Number of Brick required for every square foot of 
Brick Wall 12" to 13" thick 

H" joints. No. joints. No. joints. No. 

of brick in each of brick in each of brick in each 


Size of Brick square foot. square foot. square foot. 

834 X 4 X 234 1934 18 1734 

834 X 4 X 23i 1734 1634 1534 

834 X 434 X 234 1734 1534 15 

834 X 434 X 234 15 1434 1334 
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Number of Brick required for every square foot of 
Brick Wall 16 " to 18 " thick 


Size of Brick 


joints. No. 
of bnck m each 
square foot. 


joints. No. 
of bnck in each 
square foot. 


joints. No. 
of bnck m ea<^ 
square foot. 


8^ X4 

X 2M 

26 

24 

8J^ X 4 

X 21^ 

23 

22 

8H X 4?^ X 2^ 

23 

21 

8^ X 4^ X 2M 

20 

19 


23 

21 

20 

18 



, 
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Fig. 4,635 — Brick and mortar joint illustrating the surface area method of calculation. 


The following table is issued by the American Face Brick 
Association: 


Number of Brick per sq. ft. 

(Four inch wall; no headers) 


Jcwnt 

y» 

K 1 



H 

H 

No. of Brick 

7H 

7 


evs 

5H 

5H 


The table is calculated as follows: Using for illustration a 
brick long by 2% thick and a ^ in. mortar joint the length 
of brick + j<Mnt is 8J^ + % = 8^ as in fig. 4,635, arid height 
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is 234 — 25 ^. Hence the total area occupied in the wall 

by this brick with its mortar joint is: 

X 2% = 22.64 sq. ins. 

and the number of brick required per sq. ft. is: 

144 -f- 22.64 = 6.4 say 6J^ 



fiG. 4,636. — Nominal sq. ft. of wall surface with K mortar joint illustrating surface method of 
estimating brick. Where a sq. ft. of brick work is laid up 3^ ins. (4 ins.) thick with a 
14 inch joint. It shows 5 whole brick and 5 half brick or a total of 734 bricks with a margin 
over 12'' in width of a 34 inch and in depth a gain of 34 inch. iJnless the work to be done 
be of greater proportions than the average house the rule generally employed by estima- 
tors is 734 brick to the foot for a 4" wall, 15 for an 8 in. wall, adding 734 brick for each 
additional 4 in. of thickness. All openings are accurately deducted and a percentage vary- 
ing from 5% to 10% added to cover wastage according to the number of rises and angles 
included in the work to be erected. 

In estimating the whole number of brick, use no fraction 
less than the eight next above the fraction obtained in the 
number for the sq. ft., thus in the present case, coimt on using 
6J^ brick for every sq. ft. of wall ares. 
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Example . — Estimate by the area method the number of brick (of size 
shown in fig. 4,634) required for the small garage shown in figs. 4,632 
and 4,633. 

Gross area of walls = 2 (12 X 9) + 2 (20 X 9) «= 576 sq. ft. 

Deduct; 

AreaoffiveS X 6 windows = 5 (3 X 6) = 90 sq. ft. 

“ “ one73^ X9door = 7}^ X 9 67.5 " " 

total deduction = 157.5 “ 157 5 “ ** 

Net wall area 418.5 “ “ 

In the table on page 398 look under H in. joint and find 7 brick required 
per sq. ft. Hence, total number of brick required for garage is 

(418.5 X 7) X 2 = 5,859 brick* 

It should be noted that this is for an 8 in. wall with stretcher bond with- 
out any header 'cornices. 


Estimating the Quantity of Common Bricks Required for 
Brick Walls of any Thickness. — Take the actual size of the 
bricks as manufactured in your community and add to this 
the thickness of the mortar joint, which will usually vary from 
5^ to ^ in thickness. 

This will give you the number of sq. ins. of wall 4 or 4Htnches thick that 
one brick will cover. Divide 144 sq. ins. which is equivalent to one sq. ft., 
by the number of sg. ins. in one brick, and the result will be the number 
of bricks required to cover one sq. ft. of wall either 4 or 4J^ ins. thick. 
If the wall is 8 or 9 ins. thick, which is equivalent to 2 bricks thick, multiply 
the result by 2, and the quotient will be the number of bricks required 
for one sq. ft. of brick wall 8 or 9 ins. thick. If the brick wall is 12 or 13 
ins. thick, which is the width of 3 bricks, multiply the number of bricks re- 
quired for one sq. ft. of wall 4 or 4J4 ins. thick by 3, and the quotient will 
be the number of bricks required for one sq. ft. of wall either 12 or 13 ins. 
thick . This method may be used to compute the number of bricks required 
for one sq. ft. of brick wall of any thickness, by merely multiplying the 
number of bricks required for one sq. ft. of brick wall either 4 or 4}4 ins. 
in thickness by the thickness of the wall in multiples of 4 or 4 iqs. 


*NOTE. — 5359 brick as here obtained checks very closely with the jiuiiiber (5,842) 
obtained by the volume method. The reason for the difference in the res^ilt i^because the 

4fnre 7 in the table is an aoprozimation to avoid fraction and unnecessary figurin|) 
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Number of Brick for Various Bonds. — ^The table given above 
is for brick laid in stretchers or running bond. Allowances 
must be made for the number of brick when other bonds using 
headers are employed. The percentages given in the following 
table are to be added to the number of brick required, as calcu> 
lated by the use of the table given above: 

Percentages Added for Various Bonds 


Common bond 

Headers every fifth course 20% (H) 

b. “ “ sixth “ 16%% (H) 

c. “ “ seventh'* 14%% (V 7 ) 

English or English cross bond 

Headers ev^ sixth course 16%% (%> 

Flemish bond 

Headers every sixth course 5%% 

Double header bond 

a. Two headers and a stretcher every sixth course 6%%(Vi*) 

b, “fifth “ 10% (Vio) 


For garden walls, path walls and other places where an 8 in. wall is used» 
with face brick on both sides, no additional brick are required for any type 
of bond. 

For walks and floors where the brick are laid on edge, in any pattern 
except diagonal ones, calculate the same as for the number of face brick 
in a wall laid in running bond. 

For herringbone pattern or other diagonal work, an additional number 
of brick will be required to compensate for the clipping of the ends of the 
brick at the borders. The exact additional amount depends on the total 
width of the walk or floor, as the wider the surface the smaller will be the 
average wastage per sq. ft. Walks and floors where the brick are laid flat 
require % less than the number required where the brick are Isiid on edge. 

Provided with the two tables given above it is a simple 
matter to calculate the number of face brick required for any 
job. 
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Example . — How many brick will be required for the small garage shown 
in fig. 4,632 and 4,633, for 8 in. wall, with brick laid in common bond, 
headers every sixth course? How many brick when laid in Flemish bond? 

The number of brick as found for running or stretcher bond is 5,842. 
In the percentage table this number must be increased for common bond 
with headers every sixth course, 16%%, and for Flemish bond, 5%%. 
Hence number of brick for 

Common bond, headers every sixth course = 5,842 X 1.16% » 6818 

Flemish bond = 5,842 X 1.05% = 6175 

Wastage. — In figuring brick as above and the bricklayers 
be careful to use bats for closures and spalls for clinking in, 
instead of breaking bricks, no waste need be figured. 

If the area of small openings (10 sq. ft. or less) be not de* 
ducted, a certain number of excess brick will be obtained which 
will allow f«r ordinary wastage. 

Estimating Common Brick. — ^As the sizes of common brick, 
for all practical piuixises, approximate the size of face brick, 
their quantity may calculated on the same basis. 

Thus, for a single thickness of common brick backing, the number 
required will be practically the same as that of the face brick laid in run- 
ning board. 


If, however, two or more thicknesses of backing brick be 
used, the proper deductions should be made for the thickness 
of the walls at the corners. 

Rule. — Multiply the number required for face brick by the number of thick- 
nesses or tiers of the common brick backing, always considering the turns at 
the comers. 


When other than running bond is used in the facing brick, 
allowance should be made for the common brick disi^ced by 
the bonding face brick. The deduction in the manber of 
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common brick, evidently just equals the increased number of 
fjice brick required for the bond selected. 

Brick for Fireplaces. — In estimating quantities of conunon 
brick for fireplaces, figure the portions projecting beyond the 
line of the wall, such as hearth and ash pit, as if solid, that is, 
the number of brick for the surface multiplied by the number 
of tiers deep, and then deduct the number of brick displaced 
by all flues and openings, face brick facing, and fire brick 
lining. 

Estimating the Mortar. — Portland cement is packed tn bags 
of 94 lbs. net weight. Four bags make a barrel of 376 lbs. net. 
For ease of cal 9 ulation, Portland cement is often assumed to 
weigh 400 Ib^'. gross or 380 lbs. per barrel and when propor- 
tioning, is figured to weigh 100 lbs. j)er cu. ft. 

Lump lime is sold in bulk by the bushel, the bushel varjdng 
from 75 to 85 lbs. net. 

It is also sold by the barrel. A 180 lb. barrel contains 3.1 cu. ft. and a 

280 lb. barrel contains 4.7 cu. ft. A cu. ft. of lime weighs from 60 to 7b 

lbs. net. 

The quantities given in the following table are based on a 380 
lb. barrel of Portland cement; a 180 lb. barrel of lump lime, 
and a 50 lb. sack of hydrated lime. 

NOTE. — Estimating the quantities of materials sufficient for one cubic yard of Portland 
cement mortar. When Portland cement is used to make mortar for laying common bricks, 
the material cost of the mortar is not only greatly increased, but also the labor cost for masons 
laying the bricks is increased; as cement mortar does not work as easily as lime mortar, and a 
mason is unable to lay as many bricks per hour or per day as on jobs where lime mortar is used. 
Cement mortar is usually mixed in the proportions of 1 part Portland cement and 2 oarts sand 
with sufficient lime putty added to make the mortar work easily. 

NOTE . — Labor cost of slacking lime and making mortar. In slacking lime a mortar 
maker should slack and sand from IM to barrels of lime per hour. This is at the rate of 
10 to 12 barrels of lime per 8 hour day; ll>i to 13J4 barrels of lime per 9 hour day; and from 
12>^ to 15 barrels of lime per 10 hour day; and includes labor time adding the necessary sand 
to same. Including the time necessary to slack and sand the lime, a mortar maker should 
make about H cu. yd. of tempered mortar an hour. This is at the rate of 4 cu. yds. of mortar 
per 8 hour day; 4H cu. yds. of mortar per 9 hour day; and 5 cu. yds. of mortar per 10 hour day. 
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Mortar required per 1,000 Brick 

(Ji jointe) 



1 pan lime 
21 /^ parts sand 

1 part lime 
3 pans Sand 


^Cf merit- Linif Mortars 
I part cement 
1 part lime 
I 6 parts sand 


Grout Jor Joints 

1 part cemeiu 

I 3 parts sand 


3 Vi sacks Vi cu. yd. 


3 sacks Vi cu. yd. 


I sack hy- 
drated, or I . 

Vi bbl lump] ^ 
hmc I 


approx. 
H bbl. 



aopro^. 
Vscu yc 
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Joints other than ^ in. will require about more or less 
mortar for each in. difference. 

Example . — ^How much cement lime mortar is required for the small 
garage brick laid in common bond? 

The number of brick required for common bond as found is 6,818, 
Hence the quantities given in the table for cement lime mortar must be 

multiplied by or 6.82. Thus 

1 ,000 

Cement = bbl. X 6.82 = 3.41 say 3}^ bbl. 

Lime = K “ X 6.82 = 1.71 “ " 

Sand = 14 cu. yd. X 6.82 = 3.41 “ cu. yds. 

Labor Mixing Mortar. — An experienced laborer will slake, 
sand and sta^ about barrels of lime per hour, or 11 bar- 
rels per 8 hour day. The time required for mixing and temper- 
ing mortar per 1 ,000 brick varies from 1 to 1 hours, depending 
on the thickness of the mortar joints. These figures apply both 
for lime and cement mortar. For lime mortar it also includes 
the time required to slake the lime. One mortar mixer should 
supply eight bricklayers. 

Example . — ^How much time is required for mixing the mortar for the 
small garage, brick laid common bond, allowing 114 hours per thousand 
brick? 

The number of brick required for common bond as found is 6,818, hence 

Time required Xll4 = 10}4 hours. 

Labor Laying Brick. — On large work and in cities, bricklayers 
will lay 1,500 brick per day, including facing and backing.* 
This is for ordinary work, of course for special work such as 
pilasters, etc., or where specizil patterns must be formed on 


*NOTE. — ^Mr. Thos. R. Freed, first vice-president of the Bricklayers, Masons and 
Plasterers International Union, states that a bricklayer in Chicago who does not lay 1,500 
brick per day could not hope to hold hn job. 
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the surface of the wall or for cornice work, the bricklayers’ time 
should be increased according to the character of the work to 
be done. 

Example , — How much time is required for laying brick (common bond) 
for the small garage assuming a rate of 1 ,500 brick laid per day ^ 

1 ime required 6,818 — 1,500 = ^ 6 days 


Summary 

(Materials and labor lor small garage, brick laid in common bond) 



Brick 

6,818 

Materials 

i Cement 

Mortar ( i ime 

3H bbls 
Wi “ 


\ aand 

3y2 “ 

Labor 

Mixing mortar 

I aying brick 

10 1^ hours 
4 b dajb 


NOTE — The labor coat of laying all classes of common br ck work w 11 vary to a great 
extent with the class of work being performed with the kind of niortir whether laid in lime 
or cement mortar and with the manner in which the work is handled by tlit superintendent or 
forem in in charge of the t\oik On h avy masonry w ills a man will lay f ir moi t brick an hour 
than on a wall irom 8 to 12 ip thick where the common bricks arc used to back up face bncks 
cut stoiae granite or terra cotta Also a man will lay more brick in lime mortnr than in 
ctm nt mortar on account of the lime mortar being much easier to handle ind spread than c< 
ment mortar All these cond tiors should be taken into consideration when estimating the 
cost of any class of brick masonry 

NOTE — Fatimating the quantity of face or press bricks required When estimating 
the quantity of face or press brick that arc required for any job take the entire area of the 
walls to be laid in face brick and total the same in square fee The number of bride required 
for each square f(X)t of wall will vary with the size of the brick and the mortar joints After 
the quantity of square feet has been obtained multiply the total number of square feet of 
face or press bnck work by the number of bricks required for one square foot of wall and the 
result will be the number of face bucks requircid for any particular picxe of work In making 
deductions for openings such as doors windows etc m face oi press bnck work always note 
the size of the ‘ reveal or brick jamb If the bnck ' reveal or jamb return only 4 inches or the 
width of the brick deductions should be made for the full size of the opening If the bnck 
“reveal or jamb return either 8 ch* 12 inches as the case may be then the depth i>f the return 
of "revear must be deducted from the width of the door or window opening ^ if will be nec 
essary to cover this area with bncks and care must be taken not to make deductions for the 
full size of the openings n such instances 






Table 1. — Brick Footings, Joints 

Materials and labor for lengths in feet. Laborer’s time includes mortar making. Cement mortar 
should be used. See table 7 for material needed for cub. ft. of mortar. 



labor quantities for brickwork have been prepared for the Common Brick Manufac- 
turers’ Association by Mr. William Carver, architect, and author of anexadient book 
on brick. These tables which are very valuable and elaborate are here reproduced 
with his permission. 
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Table 2. — Exterior Basement Walls, 8 in. 
Walls, 5^" Joints 

Materials and labor for square foot areas. Exterior 4*^ thickness of 
wall laid with all joints filled . Remaining bnck laid on a full bed of mortar, 
but bnck touching end to end. Vertical space between each 4' thickness 
filled with mortar. Every 5th course a header course. Laborer’s time 
includes mortar making. Cement-lime should generally be used for ex- 
terior basement walls. See Table 7 for matenals needed for cubic feet of 
mortar. 


Sq Ft 
Area 
of 

WaU 

1 8-lNCH WALL |1 

No of 
Brtclu 

Cu ft of 
Mortar 

Laborer's Time 
Hours 

H 

tr'8 Time 

urs 

Cement 

Mortar 

1 

12 706 

.195 


073 

092 

10 

128 

2 



1 

1 20 

255 

4 


IH 

2 

1 30 

382 

6 


2J4 

3 



8 


3 

4 

1 60 

636 

10 


4 

5 

n ^ 

763 

12 


4V4 

5H 

II 70 

890 

14 


5 

6« 

H 80 

1017 

16 


6 

7 

1 ^ 

1144 

IS 


6ii 

8 


1271 

20 


7 

9 

200 

2542 

39 

20 

15 

19 

300 

3812 

59 

20 

23 

28 

400 

5083 

78 

30 

29 

37 

500 

6353 

08 

40 

36 

46 


7624 

117 

68 

44 

66 


8895 

137 

68 

61 

65 


10,165 

156 

78 

63 

74 

H WO 

11,436 , 

ir5 

87 

66 

83 


12,706 

J95 

07 

73 

93 


25,412 

390 

194 

145 

185 


38,118 

584 

291 

318 

277 


50,824 

779 

388 

291 

370 



073 

485 

363 

462 


76,236 

1168 

582 

436 

555 


88,942 

1363 

679 

508 1 

647 



1557 


581 

739 


114,353 

1752 


654 

832 



1947 


726 

924 


The tables on page 398 and the following pages are designed to almost 
eliminate the calculations required to determine the amount of bnck, 
mortar, laborers’ time, and bncklayers' time to build a house or other 
biuldmg. They are based on a bnck size of 8" X 234" X 
Example . — Figure the number of bnck. matenals required fqr mortar, 
laborers* and bncklayers’ tune required for 240 square feet of basement 
wall 12*' thick. Referring to table No, 2 the number of bnck ret^uired for 













Table 2.— Exterior Basement Walls — Continued 

(12 and 16 in. walls) 


How to Figure Brickwork 409 - 1,955 



1,956 - 410 How to Figure Brickwork 


Laborers' time includes time for making and handling mortar, handling 
brick from pile on the ground, waiting on bricklayer, moving sc^old, etc. 

Bricklayers* time is calculated on the basis of work ordinarily required 
for the construction of a house or other building. In case work has many 
special features, such as pilasters, etc., or where special patterns must be 
formed on the surface of the wall, or for cornice work, the bricklayers' time 
should be increased according to the character of the work to be done. 

Table 3. — Exterior Walls Above Grade, 8 in. 
Wall, Common Bond, Joint 

Materials and labor for square foot areas. All joints in outside 4** 
thickness filled with mortar. Remaining brick laid on full bed of mortar 
but with brick touching end to end. Vertical space between each 4** 


Sq. Ft. 
Area 
of 

Wall 

SCINCH WALL If 

No of 
Bricks 

Cu ft of 
Mortar 

Laborer’s Time 
Hours 

Brlcktayc 

Ho 

Lime or 
Cement-lime 
Mortar 

j’8 Time 
urs 

Cement 

Mortar 

1 

12 705 

.135 

.003 

084 

.002 

10 

123 


1 

1 

1 

20 

25j| 

3 

2 

2 

2 

30 

382 

4H 

3 

2V4 

3 

40 

609 

6 Vi 

4 


4 

60 

630 

7 

5 

4 

6 

60 

763 

8H 

6Vi 

6 

6M 

70 


9H 

6>i 

6 

6V4 

80 

1.017 

11 

8 

7 

7« 

00 

1,144 

12 

8H 

7H 

8 

100 

1,271 

14 

9 

syi 

9 

200 

2,542 

27 

19 

17 

19 

300 

3,812 

41 

28 

25 

28 

400 

5,083 * 

54 

37 

34 

37 

600 

6,353 

68 

46 

42 

46 

. 600 

7,624 

81 

56 

60 

56 

700 

8,895 

95 

65 

59 

65 

800 

10,165 

108 

74 

67 

74 

800 

11,136 

122 

84 

76 

83 

1,000 

12,706 

135 

93 

84 

93 

2.000 

25,412 


185 

163 

185 

8.000 

38,118 

406 

278 

252 

277 

4 000 

60,824 

641 

371 

336 

370 

8,000 

63,630 

676 

463 

420 

462 


76,236 

811 

656 

604 

555 


88,942 

940 

648 

688 

647 

8.000 

■ETVTlH 


741 

672 1 

739 

9,000 

114,353 

1210 

834 

756 

832 

10,000 

1 127,059 

1 1351 

926 

840 

924 


thickness left open. Every 5th course a header course. Laborer's time 
includes mortar making. See Table 7 for materials needed -for cubic feet 
ot mortar 






Table 3. — Exterior Walls Above Grade, Common Bond, 5^ 

Joints— Continued 

(12 and 16 in. walls) 
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-S88SS 8?8S| ggll IIISI mi mil. 

16-INCH WALL 

1 II 


BrickLirt 

Ho 

Lime or 
Cemeot-Ume 
Mortar 

= S;51§S asssg gigg Slllg 

Laborer’a Time 
Hours 

'^e>i«r<oaoo r-«aiAn e'*<-4e>eor- noon oono>n 

noi»o» -<n^o« 

IS 

.254 

3 

8 

10 

13 

16 

18 

21 

23 

26 
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Laborers' time for cleaning brickwork is not included in these tables and should be added. 

A man should clean and scrub with muriatic acid and water about 95 sq. ft. of brickwork per hour. 
In figuring the area of a wall, deduct all openings over ten feet square. In making an allowance for 
the area of a door opening, take the area of the door itself and not the masonry opening. Thus if a door 
3'— 0"X7'— 0" figure a deduction of 21 ft., although the masonry opening may be 3'— 4"X7'— 2'', 
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For a window opening figure the sash area (generally 4" more in width 
and more in height than the glass dimensions for double hung windows. 


Cost of Brickwork of Garage. — Estimating the wall to be as 
previously described 8" thick and 9 ft. high with a distance 
around the building of 64 ft. totaling 576 square feet minus the 
openings it is found it will require for common bond 6,818 
brick. 


To this number must be added about 5% plus about 72 brick already 
saved from above amount in turning the 4 comers = 341 4- 6,818 = 7,159 
brick. Where there are no acute or obtuse angles to be erected and the walls 
plain as in the present case, where quantities are accurately figured 5% 
should be ample as a factor of safety by wastsige. 


Thus 7,159 brick at $21,00 per M = $150.33 

Above calculations are based on a mason laying 15 hun- 
dred brick per day. As a factor of safety we here average that 
he will lay 12 C per 8 hour day = 5.99 days @ $9.00 per day ... = 53.91 

Mixing mortar 10}4 hours @ 5.00 per 8 hour day = 6.41 

3H bbls. of Portland cement @ $3.20 11.20 

3H cubic yards of sand @ 2.00 7.00 


Forward $228.85 

1/i bags of hydrated lime @ .90 1.58 


Total $230.43 


If a foundation of brick is to be laid, say 16 deep with a sub 
base of 4 X 12" topped by an 8" wall 12" high. Figure as before 
the four sides, 64 feet minus the width of door 7}4 ft. You have 
56H feet requiring 1,240 brick or 56,5 cubic feet @ 88c. per cu. 


ft = $49.72 

Trenchixig 4 hours @ 62.5c per hour 2,50 


$52.22 
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Table 4. — Exterior Walls in Flemish. English 
and English Cross Bonds; 8 m. 

Walls, in. Joints 

Materials and labor for square foot areas. Brick in outside 8*^ thick- 
ness laid with joints, with as many vertical joints parallel to the 
length of the wall left open as possible. Remaining brick in thicker walls 
laid on full mortar bed, but with brick touching end to end and vertical 
space between each 4'' thickness left open. Laborer’s time includes 
mortar making. See Table 7 for material needed for cubic feet of mortar. 
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Example on the Use of the Tables. — ^The foiiowing example 
on estimating brick by Mr. Carver, illustrates the use of the 
elaborate senes of tables accompanying, being an estimate for 





Table 4.— Exterior Walls in Flemish^ English and English 

Cross Bonds — Continued 

(12 and 16 in. walls) 



the brick house shewn in figs. 4,664 to 4,666 to include the exterior walls and certain 
interior partitions in solid brick. The numbers opposite each item will correspond 
to the items on estimate sheet on page 432 to which results of working are carried 













Table 5. — Interior Walls Common Bond; 4 and 8 in. Walls; i^in. Joints 

Materials and labor for square foot areas. Brick laid on full bed of mortar, but with brick touching 
end to end. Vertical space between each 4' thickness left open. Laborer's time includes mortar 
making. See Table 7 for material needed for cubic feet of mortar. 
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Table 5. — Interior Walls Common Bond — Continued 

(12 and 16 in. walls) 
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Table 6.— Walls in All Bonds; 4 and 8 in. Walls; ^ in. Joints 

All joints filled with mortar. Matenals and labor for square foot areas. “Other bonds*’ includes 
Flemish, English and English Cross bonds. Laborer’s time includes moitar making. See Table 7 for 
material needed for cubic feet of mortar. 


How to Figure Brickwork 417 - 1,963 


8-lNCH WALL (f 

ours 

Beads 

Cement 

Mortar 

g, ys:* 

«»»e>o SS8JS S!:SS §g||| 

Time. B 
Otbet 
Lime or 
cemeot- 
Ume 
Monar 

lOOt^OOO 1--* — MM eo009«0 

^ u.t.35 So--- gg||| 

>1 o S a 
la as 


Brl 
Comme 
Lime or 
cement- 
lime 
Mortar 

O — MMco «iotot-oo o>aor-oio oooooo oer<.i><.^o 

• — jrtM — oo 

— Nr04* aQtOMQOab 

Time 

Hours 

.095 

1 

2 

3 

4 

6 

6 

7 

7« 

9 

10 

19 

29 

38 

47 

57 

66 

76 

85 

95 

189 

284 

378 

473 

567 

662 

756 

851 

945 

Cu ft. 

Mortar 

©..-.naflo Kr-©io 

« S2SU sMSRS S8SSS 

No. 

of 

Bricks 

<6 ^ o rt >• o CO tf> d» M *o o> — fo *o r- o> — e¥ eo W lA '«0 i^V» oc i» 
C4<No<r«>cn — '«>ooeo (OOOMco OMtow esi'fOWO 

eo — tot»Q 0 o»— p»'>d»too>— cooeoo eoooMO owioc^w 

„ «jrg-5s gggss 

4-INCH WALL 

Brick- 

layer’s 

Time 

2»:i: :s; :i; 3 ; :j; 

0 —MM CO'»I'^‘0*0 OCOOIO— l<-coe>0 Meoor^oo O — roiQO 

--MCO 

Labor- 

er’s 

Time 

U5 ^ ^ ^ ^ 

S NCeo-.— oONi^— ©F^r-Mog •.toMv.K 

■'<'328 sasss 

Cu ft 
of 

Mortar 


No 

of 

Bricks 

6 160 

62 

124 

185 

247 

300 

370 

432 

493 

555 

617 

1,233 

1,849 

2,465 

3,081 

3,697 

4,313 

4,929 

5,545 

6,161 

12,321 

18.482 

24,642 

30,803 

36,963 

43,124 

49,284 

55,444 

61,605 

Sq. Ft. 
Area 
of 

Wall 

1 

10 

20 

30 

40 

60 

60 

70 

80 

90 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1.000 

2.000 

3.000 

4.000 

6.000 

6,000 

7.000 

8.000 

9J)00 

10.000 












Table 6.— Walls in All Bonds— Confinned 

(12 and 16 in. wails) 
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Size of House, 

Dimensions are 26'— 0"' wide and 30'— 0" deep with veranda 
10'— 0" wide. 


Table 7.— Quantities of Materials for Cu. 
Ft. of Mortar in Other Tables 

(Lime mortar and cement-lime mortar) 

Quantities of lime are based oa the 180 pound barrel of good quality' 
lime. Lime quantities are approximate, and will vary w:th the grade of 
lime and the size ot particles composing the sand 















'able?.— Quantitiesof Materials forCu.Ft. of Mortar inOther Tables— Con. 

(Cement mortar) 
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List of Brick Walls^ 


Exterior basement walls 

Exterior 1st and 2nd story walls 

Interior partitions on dining room side of Jiving 
room, and corresponding partitions below in base- 
ment and above on 2nd floor 

Interior partitions on kitchen side of dining room 
and corresponding partition below in basement 

and above on 2nd floor 

Veranda piers 1' 

Walls between 

Rear porch piers 12" 


12" solid brick 
8 " “ 


8 " 


8 " 

- 8 " 
8 " 
X 8" 


«» 

•i 

«c 


Table 8. — Flues Laid with in. Joints — 

Continued 






wzwr 
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Figs. 4.643 to 4,645 — Various flues laid with H in. joints whose properties are given in the 
accompanying table. 
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6K 

784 

13)4 

AH 

684 

20 

682 

714 

9H 

6 


10 


. 8 

617 

18K 

7 

„»JL 

. 28 









Table 9.— Piers Laid with in. Joints. 

All joints filled with mortar. Materials and labor for height m feet. Laborer's time includes mortar 
making. See Table 7 for mateiials needed for cubic feet of mortar. 
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EXTERIOR CORERS 
CX)MMON BOND-IE^IN 
ROLOK-BAK WALL 

HEADERS EVERY 3«P COURSE 
ISg BRICK PER SQ FT OF WALL 


BACKING COURSE 


EXTERIOR CORNERS 
SIN ROLOK-BAK WALL 
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4. Interior partitions 8" thick. Total length 25 ft. -f 15 ft. « 40 ft. 
Height from top of footings (4" below basement floor) to second floor 
ceiling = 26'— 10". Area 1.073'— 4" sq. ft. Deduct openings. Three 
2'— 8x6'— 6" doors in basement. Three 2'— 8" X 7'- 0" doors; onecased 
opening 6'-0"x7'-0" on 1st floor. Three 2'-8"X6'-8" doors, 3'- 
0"X7’ —0" opening at stair, and 3'— 0"x8'— 6" opening at hall, on second 
floor. Total deductions for openings 250 sq. ft. Subtracting this from 
1,073' 4" sq. ft. leaves 823' 4" sq. ft. say 825 sq. ft. Read quantities from 
table No. 5. 

Table 10.— Exterior Ideal All-Rolok Walls; 

8 in. Wall 


Materials and labor for square foot areas . Laborer's time incMdes mortar 
making. Cement-lime mortar should be used. See Table 7 for material# 
needed for cubic feet of mortar . For table of heights by courses see Table 5 . 


Sq. Ft. 

area 

of 

waU 




8-INCH WALL 


Total No. 
of Brick 
including 
Facing Brick 

No. of 

Facing Brick 

Av. Weight 
in Pounds 

Cu. Ft. of 
Mortar 

Laborer’s 
Approx. Time 
Hours 

Bricklayer's 
Approx. Time 
Hours 

1 

9 035 

6.023 

60 365 

080 

061 

076 

10 

90 

60 

604 

1 

.5 

.75 

20 

181 

120 

1.007 

IH 

1 

1 5 

30 

271 

181 

1.511 

^24 


2 5 

40 

361 

241 

2.015 

i 


3 

60 

452 

301 

2,518 

4 


4 

60 

642 

361 

3.022 

6 


4 5 

70 

632 

422 

3.526 

5H 


5 5 

80 

723 

482 

4.020 



0 

00 

813 

642 

4.533 



7 

100 

004 

602 

5,036 

8 

6 

8 

200 

1.807 

1.205 

10,073 

16 

12 

16 

300 

2.711 

1.807 

15,109 

24 

19 

23 

400 

3.G14 

2.409 

20,146 

32 

25 

30 

600 

4.51S 

3,012 

25.182 

40 

31 

38 

600 

5.421 

3,614 

30.219 

49 

37 

46 

700 

6.325 

4,216 

35.255 

57 

43 

63 

800 

7,228 

4.819 

40W 

65 

49 

61 

000 

8.132 

6,421 

45.328 

73 

56 

68 

1.000 

0,035 

6,024 

50.365 

81 

62 

76 

2.000 

18,071 

12,047 

100.729 

162 

124 

156 

3.000 

27.106 

18,071 


243 

184 

228 

4.000 

36,141 

24,094 

201.459 

324 

247 

304 

6.000 

45.176 

30.118 

251,833 

404 

309 

380 

6.000 

64.212 

36,141 

302,188 

485 

370 

467 

7.000 

63,247 

42,165 

352.553 

m 

433 

633 

8,000 

72,282 

4S.188 


-.47 

495 

609 

9,000 

81,318 

64.211 

453.282 

728 

656 

686 

10.000 

00.363 

60,235 

503,647 

809 

618 

761 























Table 10. — Exterior Ideal All-Rolok Walls — Continued 

(123^ in. walls) 









Table 11. — Exterior Ideal Rolok-Bak Walls; 8 in. Walls 

Materials and labor for square foot areas. Laborer's time includes mortar making. Cement-lime 
mortar should be used. See Table 7 for materials needed for cubic feet of mortar. Table 5 gives height 
by courses. 
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5, Brick in extenor walls above basement “length of two sides plus 
back and front =*112 tt. Total height (from top of basement wall to roof 
plate) = 19'— 6 ". Area 2,184 sq. tt. Deduct openings less than 10 sq. ft. 
area. Three front windows in living room each 3' — 2"X4' — 10" (small 
windows in this room less than 10 sq. ft. Window over stair 2'— 10"X 
4'— 10". Large dining room windows 6' — 2"X4' — 10". Two small 
dining room windows each 4'-0"X2'-6". Large kitchen window 2'— 
10"X4'-10" (small kitchen window is under 10 sq. ft. in area). Two 
doors 3'— 0"X7'— 0", one door 2' 10"x7'0". Eight bedroom windows 
each 3'2"X4' 10". 

Bathroom and stair windows (each under 10 sq. ft.) . Total deduction for 
openings 307' 8". Subtracting this from 2,184 sq. ft. = 1,876' 4", say 1,880 
sq. ft. Read quantities from table 3. (If it were desired to build wall, or 
any part of it in Flemish, English or English Cross bonds table 4 would 
in that case be followed.) 

Table 12.— Exterior Ideal Rolok-Bak 
Walls— Continued 


(12’ ^ in. walls) 


1 l2'/i-lNCH WALL | 

Sq.ft 

area 

of 

waU 

Total no of 
brick inci 
facing Brick 

Facing brick 
Flemish 
headers 
6th covirse 

Facing brick 

I* k mish 
headers 

3rd course 

A\cr&s:e 
weight in 
pounds 

Cu ft 
of 

mortar 

Laborer's 
approx time 
Hours 

Bricklayer’s 
approx lime 
1 Jours 

15 443 

6 502 

6 844 

87 634 

151 


117 

1 

154 

65 

68 

876 

1 5 


1.25 

10 

309 

130 

137 

1,753 

3 


2 5 

20 

463 

195 

205 

2,629 

4 5 


3 5 

30 

618 

260 

274 

3,505 

6 


4 5 

40 

772 

325 

342 

4 182 

7 5 


6 

50 

927 

390 

411 

5,258 

9 


7 

60 


455 

479 

6,134 



8 

70 

1235 

520 

548 

7,011 

12 


9 5 

80 

1.390 

585 

616 

7,887 

13 5 

8 5 

10 5 

90 

1.544 

650 

684 

8,763 

15 0 

10 

12 

100 

3.089 

1.301 

1,369 

17,526 

30 

19 

24 

200 

4,033 

1.951 

2.053 

20,290 

46 

29 

35 

300 

6,177 

2.601 

2,738 

35,054 


38 

47 

400 

7,722 

3,251 

3,422 

43,817 

76 

48 

59 

500 

9.266 


4,107 

52.581 

91 

57 

70 

600 

10.810 

4,552 

4,791 

61,344 

106 

67 

82 

700 

12.855 

5,202 

5.476 


121 

76 

94 

800 

13,899 

5,852 

6,160 

78,871 

136 

86 

106 

000 

15.443 


6,845 

87,634 

151 

06 

118 

1000 

30.887 


11.690 

175,269 


191 

235 

2,000 

46,330 


20.535 

262,904 

453 

287 

352 

3,000 

61,773 

26.011 

27,390 

350,539 

605 

382 

471 

4,000 

77,222 

32,513 

34.225 

438,174 

756 

478 

588 

5,000 

92.661 

39,016 

41,070 

525,908 

907 

674 


6,000 


45.519 

47,914 

613,443 

1,058 

669 

924 

7,000 

123,547 


54.759 

701,078 

1,209 

765 

941 

8,000 

138,990 

58,524 

61,604 

788,713 

1,360 

86G 


9,000 

164.433 

65.027 

68,449 

876,347 

1,512 

956 

1,177 

10,000 
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6. Fireplace and flues to first floor ceiling. The exterior wall of chimney 
is already figured to the roof. Figure to first floor ceiling line, tables covenng 
chimney above that point. 

In the basement the chimney is 6'— 0" wide, and figuring from bottom of 
footings, 8 feet high =48 sq. ft. wall 16" thick. 

On the first floor chimney is 6 ft. wide and 10 feet high = 60 sq. feet wall 
20" thick = 75 sq. ft. wall 16" thick. Total including basement 123 sq. ft. 
wall 16" thick. 

Deduct for ash pit, fire place and flues. Ash pit is 4 ft. wide by 7 ft. high by 
1 ft. deep = 28 sq. ft. w^all 12" thick. Furnace flue is 10'- 0" long, fire place 
flue 7' 0" long = 17'-0" flue 12"X12", or 17 sq. ft. wall 12" thick. Total 
including ash pit = 45 sq. ft. wall 12" thick = 34 sq. ft, wall 16" thick. 
Fireplace is 3'— 0" X 3'— 0"=9 sq. ft. of wall 20" thick = ll sq. ft. 16" 
thick. Total deductions 45 sq. ft. wall 16" thick, leaving 78 sq. ft. say 80 
sq. ft. wall 16" thick in chimney to 1st floor ceiling. 

Read table 6 for quantities of brick, mortar, and laborers time, but figure 
bricklayers time on basis of 1,000 brick per 14 hours (see page 38). Add 
also 4^ hrs. laborers* time and 12 hours bricklayers' time for building 
mantel and 4 hrs. bricklayers' time for setting hearth. 

7. Flues from 1st floor ceiling line to 2nd floor ceiling line 9' 6", sav 
10'— 0" high, three sides laid lime mortar. Read quantities from flue table 

8. (Although tables show one flue 12"Xl2" and one 12" X8", while this 
chimney contains two 12" X 12" flues, there is but little difference between 
them in material and labor.) 

8. Flues above roof in cement mortar 10'— 0" high. Read quantities from 
table 8. 

9. Rear porch piers. Two 8 X 12 piers each 5' — 0" high (above and below 
griide) = 12 ft. Read quantities from table 8. 

10. Veranda piers. Piers are 7'— 6" high above grade, and extend 3' — 6'" 
below grade. Total height ll'—O". They are each 2' 6" wide with 2' 6" 
return at corners. Total of five 2' — 6" widths plus two 4" pilasters = 13' — 1" 
width of wall. Area 144' — 10" say 145 sq. ft. wall 12" thick in cement-lime 
mortar. No footing figured. Read quantities from table 6, but increase 
bricklayers' time to 1 ,000 bricks per 14 hrs. Piers take longer to build than 
a straight wall. 

11. Cheek walls to steps each project 2'— 0" and are 5 feet high including 
foundation = 20 sq. ft. wall 12" thick in cement mortar. No footing 
figured . Read quantities from table 6 . 

12. Wall 8" thick between piers — 27'— 0" ru-' Heiyht alcove grad** 
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3' 0", below grade 3' 6". Add the 2" projection for footing on each side of 
the wall — ^total 4" — ^to the height of the wall. Total height 6' 10* '. Total 
area 184' 6" say 185' sq. ft. wall 8" thick. Read quantities from table 6. 

13. Qeaning brickwork (front and two sides of house veranda, and brick 
mantel about 2,500 sq. ft.). Time required 33 hours. 


MATERIALS REQUIRED FOR MORTAR 


fc ■ C- - 

Kind of Mortar 

Feet 

Required 

Bbls. Sacks 

Lump or Hydrated 
Lime Lime 

Cu. Yds. 
of 

Sand 

®oT 

Cement 

1:3 Cement 

80 

4 

"Ti 

‘S s •« 

1 

3 

H 

nis 

1:1:6: Cement 

300 

8 or 32 

12 


lime 

40 

5 

345 

1 or 4K 

H or H 

■s 


1:2H Lime 

300 

17 or 71 

12 

• t • • 

00 

5 or 21^ 

3H 

• • » • 

Add two bags cement 
for cement mortar for 
sills, ohimn^, caps, 
eto.. See Speoifica- 
tions, Page 48 

5 

395 

H or IK 


2 


.... .... 

.... 

TOTALS 

••• 

25H 137 

32H 

78K 


The following quantities of materials would be ordered for this job: 
Common Brick 63 M . 

Lime , .26 bbls. (180 lb. bbls.) lump lime, or 

137 sacks (50 lb. sacks) hydrated 
lime. 

Sand 33 cu. yds. 

Portland Cement 20 bbls. (4 sacks to the bbl.) 

12" X 12" Flue Lining 60 ft. 

Steel Lintels 100 lineal ft. 4" X 3" X angle 

720 lbs. 

Labor cost would be: 

Laborers' Time . . . 

Bricklayers* Time 


512 hours. 
453 hours. 
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NOTES 
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No brick paving is included but can easily be figured from above tables 
using labor costs as given on page 412. 

If mortar color be needed, figure approximately the number of brick on the 
outside of the wall from the tables, and determine the quantity by the rule 
on page 36. 




SECOND) FLOOR PLAN 

t^ics. 4,665 and 4,bGo - irbL and sc-cond fIcK>r plans for Mohawk design No. 15. 


Quantities with Interior Partitions Omitted 

Take out items No. 2 and 4 , from estimating sheet. This will also reduce 
the materials required for mortar. The various items changed would then 
read as follows; 


Common Brick 52 M . 

Lime ISbbls. (1801b. bbls.); lump lirme 105 

sacks hydrated lime. 

Sand 29 cu. yds. 

Portland Cement 19 bbls. 

Laborers’ Time 527 hours. 

Bricklayers’ Time 389 hours. 


The remaining items would be unchanged. 
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CHAPTER 83 

Hollow Tile 


By definition, tiling consists of clay moulded in either solid 
or hollow shapes and thoroughly burned. It may be divided 
into two general classes; 

1. Porous terra cotta; 

2. Hard or dense tile. 

Porous Terra Cotta. — Porous terra cotta is made by mixing 
the raw clay with sawdust, straw, or other combustible ma- 
terial. When the compound is thoroughly mixed, it is moulded 
into shapes required and after sufficiently drying, the shapes 
are placed in a kiln and subjected to an intense heat which 
consumes all combustibles and leaves the material porous. 
Porous terra cotta is utilized in many ways especially for fire- 
proofing. It readily admits of nails being driven into it and 
receives and holds plaster admirably. For arches, partitions, 
furring, column covering, roof and ceiling tiles it is particularly 
well adapted. 

Porous terra cotta when properly made has a compact tough texture and 
gives out a ringing sound when tapped with a hammer; when made from 
sandy clay, or from material ix)orly mixed and burned, shows an uneven 
soft and crumbly fracture, lienee porous terra cotta should be tested 
before using. Whenever it has considerable weight to carry as in floor 
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construction the shell should be at least 1 inch in thickness and the webs 
or partitions between the cells should be about m. thick. 


Porous Terra Cotta Partitions. — For partition construction 
porous terra cotta has the advantages of strength combined 
with lightness; is vermin proof and a good insulator of heat or 



Fk^s. and 4,676 — Henry Maurer & Son porous terra cotta wall furring. Stock suck 
12 X 16 X 2, 9 X 12 X IH ms. 


cold. Being hollow sound is deadened, and dampness does not 
penetrate. 

Figs. 4,667 to 4,674 show different shapes used for partitions. They 
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JIG. 4,677. — ^Henry Maurer & Son porous terra cotta bnck ("Haverstraw" size) wall furring. Size 8X3^X2^ i 
headers occur a brick 8 X8 is used. 




Figs. 4,678 to 4,682.— Maurer fire proofing for iron columns and deUil of the tile and tie pie^. 
The necessity of protecting all structural metal exposed to heat is due to the fact that sted 
W iron when exposea to temperatures from 1 200 to 1325 Fahr ., becomes red hot and bends. 
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are self supporting. Being larger than brick, they can be placed in posi- 
tion by any bricklayer in less time than is required to lay brick. The 
plaster is applied directly to the blocks, which as shown are dovetailed on 
the surface to allow the plaster a firm hold. Since tlie porous terra cotta 
will take nails, baseboards and wainscoting are easily secured. 



Figs. 4,683 and 4,684 — Maurer hollow tile fire proofing for single and double girders. Gauged 
mortar is used for holding the tile to the g rdcrs, any width girder can be covered by increas- 
ing the bottom (center) piece. 


Porous Terra Cotta Furring. — ^An important factor in fire- 
proofing is the protection of the outside or bearing Vlrzills. The 
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adaptation of porous terra cotta for this purpose and mode of 
construction is shown in figs. 4.675 and 4,676. The hollow 
ducts prevent the penetration of dampness by giving a circu- 
lation of air between the wall and furring. It also dispenses 
with the use of lath as plaster can be applied directly to the 
blocks. They are secured to the wall by setting them in 
gauged mortar, also by the use of flat headed nails driven into 
the joints of the brickwork at intervals. 

Fig. 4.702 shows porous terra cotta hollow brick used where 
nailing is necessary for wainscoting, chair rail, and picture 
moulding. 



^ G. 4.685 — Henry Maurer & Son porous lerra cotta tiles tor fire protection of wooden joists 
Size. 12X16X2. 


Porous Terra Cotta Tiles for Beam Protection.— Building 
laws in many localities require the fireproofing of wooden 
joists where there is extra fire hazard as over bakers’ ovens, 
etc. The method shown in fig. 4,685 is simple and complies 
with the law. The blocks are fastened to the underside of the 
joists by means of iron washers as shown, made sufficiently 
large to catch the center of two blocks at end. A wire nail i§ 
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then driven through the washer into the joist, or a screw can 
be used, thus firmly securing the blocks in position. 

A 

Hard or Dense Tiling. — This kind of tiling is stronger than 
the porous terra cotta tiling, but is more brittle, and is made 






Fig. 4, #>86 — Hollow tile for flat arches suppiorted or rai-cd skew backs for roofs, etc This 
atyle atch is generally used in cases where beams are dec p and no fla finish is required It 
will be tound useful in connection with flat roofs, thereby saving expense and weight both 
in beans and brick. 



f IG 4,687 — Hollow tile segmental arch for spans from 10 to 15 ft. between iron beams, depth 
of aren 6 and 8 in:> 


of fire clay combined with either potter’s plastic, or tough 
brick clays, moulded into shapes to suit various constructional 
purposes. While the clay is still in a moist condition, it is sub- 
jected to heavy pressure, which makes it very dense, and gives 
the finished material great crushing strength. . The tiles are 
then dried and burned in a kiln. 
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There are several grades known as: 

1. Very hard burned or vitreous: 

Includes those tiles with less than 8% absorption. Adaptation: founda- 
tions; exterior unstuccoed walls or other uses where resistance to moisture 
is the prime consideration. This grade is harder than is considered advis- 
able for stuccoed or veneered walls. 






Fig. 4,695. — ^Natco scored tile 10 in. wall with stucco exterior finish, showing 6X12 chaa« 


for pipes. 

Fig. 4,700. — ^Natco scored tile 8 in. wall with stucco exterior finish showing 4X9 chase foi 


heat pipes. 


NOTE . — Diaadvantagea of tile door archea. The principal disadvantage of tile arches 
for floor construction is the difficulty of adapting any system to the filling uf irregular shaped 
spaces. The arches must be set between I beam or channels, and to get the best effect the supi 
porting beams must be parallel or nearly so. Tile arches, especially of the end constructions, 
are weakened more by holes for pipes than are the monolithic floors. As there is no bond be< 
tween the rows of tiles in the end construction arch, if a single tile in a row be cut out or omitted, 
there is nothing to hold up the remaining tiles in the row except tlie adhesion of the mortar ia 
the side joints. In this respect side method arches have an advantage over the end construe* 
tion. Where it is necessary to use considerable concrete filling over the arch the weight of 
the floor construction will usually greatly exceed that of the concrete systems, and this addi* 
tional weight means, also, additional expense. The floor blocks are liable to breakage and 
chipped blocks in the floor are not unusual 
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KXC. FIREBRlbKUNING 

FLUE LINING 


Fig. 4,703. — Method of bonding brick pier or chimney in Natco scored tde walls. 

Fig. 4,704 and 4,705 —Fireplace construction with Natco scored hollow tile, bnck and sturc^ 
veneer, and detail of scored hollow tile around flue lining 
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fics 4,706 and 4,707 — ^Method of lableinng furring strips, lath and plaster to Natco scored 
hollow tile 

f ICS 4,708 to 4,709 — Method of securing metal lath to Natco scored hollow tile, and usual 
method of plastering du-ectly on tile with detail showing self clinching nail used for nailing 
into tile 


NOTE — In present day estimating all oi:^mngs containing 10 square feet or more are 
deducted in full, so that the estimate will show just as nearly as possible the actual number of 
common bnek required to complete the job The old method of estimating corners, angles, 
chimney breasts, etc , by doubUng the quantity of brick actually required Is no longer lued 
by expenenced builders, but is only used by those who depend upon obsolete data for their 
guide and by those whose busmess is not of suffiaent volume or importance to require actual 
quantities and costs 
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Includes all tile manufactured for fire proofing, having an absorption 
value greater than 12%, and a perceptible ‘‘ring” when struck. 

Single Shell Wall Tile. — For small and moderate sized 
buildings where the walls are not subjected to heavy loads the 



Fig. 4.710. — Covering of steel column at comer with Natco scored hollow tile, brick veneer. 

tiles of this class are used. There are as with brick a multi- 
plicity of shapes. 

Figs. 4,717 to 4,734 show shapes of single shell smooth wall 
tiles, and figs. 4,735 to 4,756 scored wall tile. Where the side 
of the tile forms an exterior finish the smooth type is used as 
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Figs 4,713 to 4,716 — Natco ' Bakup type tjle wall construction with brick veneer This type 
tile ^4 X 5 X 12) 18 scored on three sides and smooth on one 5 X 12 face so that a smooth 
wall inside or out may be had if desired Fig 4 711 shows brick veneer secured with metal tics, 
figs. 4,712 and 4,713, *!ide and end view of small tile, figs 4,714 and 4,715, side and end view 
of large tile, fig 4 716, brick veneer bonded to tile with brick header^^ and arrangement of 
til*^ for pla’^tei, or smooth side interior finish 
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shown in figs. 4,757 to 
4,760. The scored type 
blocks find a variety of 
uses as with exterior 
stucco, interior plaster 
finish, brick veneer, etc., 
as shown in the accom- 
panying illustrations. 

Double Shell Wall 
Tile. — As indicated by 
the name, the interior and 
exterior bed or horizontal 
mortar joints are spread 
on double shells of suffi- 
cient width to insure a 
well bonded wall of maxi- 
mum strength. 

The head or vertical 
joints are spread on the 
edges of the ends of each 
tile so as to leave an air 
space in these joints. The 
recess or moisture stop at 
both ends of the regular 
wall tile further assures 
the obtaining of this air 
space. 

No attempt should be 
made to spread mortar on 
the cross webs. Strict 
adherence to these details 
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will avoid through mortar 
joints which are almost 
invariably conductors of 
moisture and cold. 

Fig. 4,761 shows an 8 
in. double shell tile and 
fig. 4,762 a typical wall 
section. A 6x 12x5 
tile is used for 6 in. walls, 
and an 8x12x5 tile for 
8 in. walls. 

The various shapes of 
double shell tile are shown 
in figs. 4,763 to 4,778. 

In designing building& 
or when laying out foun- 
dations to other walls, it 
should be [borne in mind 
that this face tile is made 
in 12 and 5^ in. lengths, 
and the length of the walls 
from comer to comer and 
the width of all openings, 
should conform to these 
full and half units, allow- 
ing % in. for mortar joints. 
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Figs. 4,7t^5 to 4, 756. -^Various Natco single shell scored (XXX) wall tile. 


NOTE — Hollow tile dofVs: 1. Don't have the hollow tile dumped from a truck, but have 
each size of tile stacked by itself. This will save time and money when masons are ready for 
tile, besides doing away with breakage. 2. Don’t patch up the job with brick. Hollow tile 
are made in proper shapes and sizes; it is therefore very seldom necessary to use brick. 3. 
Don’t use too much lime in the mortar, it weakens the mortar. 4. I>on’t fail to cover up the 
top course of tile in wall at quitting time. This protects the work and prevents the filling of 
cells with rain or snow . 5 . Don’ t leave any holes or ere v ices on the outside or inside of the wall . 
Be sure all joints are well sealed . Above all , don’t depend upon the stucco to All up the mortar 
joints. 6. Don't allow the masons to break up a lot of tile when they require small pieces. 
7. Don’t use the nest of 1 in. slabs as full tile. They should be broken apart and single slabs 
used for bearing under joists, for working up to the story heights, sills, etc. 8. Don’t cut lu^es 
into the tile in which to frame the joists, but use the facing tile at ends of beams, and other tile 
between beams. Remember that the strength of the wall depends upon thorough bearing of 
webs and shells, and every hole weakens the wall, and is the easiest way for dampness to pene- 
trate. 9. Don’t forget to put proper drips on the underside of the sills. This is very important. 
10. Don’t use special arch lintels for spans wider than 5 ft. Don’t forget that all wooden frame 
work will shrink; therefore special care should be taken to thoroughly calk between all wood work 
and hollow tile. 11. Don’t forget to use a good waterproofing compound in the Anish coat of 
stucco, if the house be situated in a position exposed to driving storms. 12. Don’t try to apv^y 
stucco during freezing weather. 13. Don't guess where the various sizes of tile are to be usi^. 
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Fig. 4.761. — Natco 8 in. double shell tile. Type», glazed: One scratched face 12 X 5, and one 
smooth face 12 X 5, giving an extenor finish similar to a rough face brick and a smooth 
impervious interior. Unglated: Two scratched faces 12 X 5, giving a choice of two faces 
for an exterior finished surface similar to a rough face brick and an interior suatched surface 
rough enough for the application of ordinary piaster directly to the hollow tile surface. 



Fiv-:. 4,762.'— Natco 8 in. double shell wall. 
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These standards have been adopted after long experience and investiga- 
tion and should meet every building requirement. 


The following table shows the strength of double shell tile: 


^Strength of Double Shell Tile. 


Number of 
Specimen 

1 Nominal Size 

Met Area 
(Sq. In ) 

Maxinm 

Total 

(Lbs.) 

m Load 

Uniu 

(Lbt oer Sq. In.) 

1 

1 8" X 12" X 5" 

44 25 

299450 

6770 

2 

I 8" X 12" X 5" 

44 25 

258580 

5840 

3 

1 8" X 12" X 5" 

44 25 

285280 

6450 

4 

1 b" X 12" X 5" 

39.75 

238000 

5990 

5 

1 6" X 12" X 5" 

39.75 

311650 

7840 

6 

1 6" X 12" X 5' 

39.75 

270510 

6810 

7 

8" X 12" X 5" 

44.25 

224760 

5080 

8 

1 6" X 12" X 5" 

39 75 

252050 

6340 


NOTE; — SF^cimens No. 7 and No. 8 were glazed. Specimen No. 7 showed a detail 
failure at one ■‘.Ana likely to improper bedding which no doubt explains the lowTCSult 
obtained. 



Fig. 4,783. — Natco double shell tile for steel sash; detail showing jamb. 


♦NOTE. — These tests were made on Natco tile by Carnegie Institute of Technology, 
Pittsburg, Pa., July, 1918. Specimens 7 and 8 were glazed. Specimen 7 showed a det^ 
failure at one end due likely to improper bedding, which no doubt explains the ow' result 
obtained. All tile were tested on end and were bedded in plaster of Paris on top and bottom, 
the plaster of Paris cap extending over the webs so that the full cross section of the tile was ui 
bearine. The unit loads were bared on the net area- 
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Clay Roofing Tiles. — ^These tiles are made of hard burnt clay 
and are used on pitched and Mansard roofs. They are held on 
the iron or wooden rafters by projections on inside of tile so 
formed as to take hold of rafter, besides one overlapping the 
other, and also by means of wire fastened to rafter on lower part 
of tiles, their own weight holding them in position. Advan- 
tages of this form of roofing are durability, fire proof, and 
insulator of heat or cold. 
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CHAPTER 84 

Tiles 


The origin of the word tile is in the Anglo-Saxon tigel which is 
a derivative of the Latin tegula from tego, meaning to cover. 
Although since appropriated to designate other products made 
in all sorts of shapes and from all kinds of raw materials, the 
term ttle uoqualified still properly applies to those examples of 
the ceramic art which are used as a surfacing or finish for floors, 
walls, ceilings, for decorative and sanitary purposes on the 
interior and exterior of buildings. 

Tile as further defined, is a plate of thin baked clay used for 
covering floors and roofs, for making drains and for decorative 
effects. 


Classification of Tiles, — The several names under which tilea 
are known are largely trade descriptions, although some desig- 
nations have significance. Accordingly tile may be classed as: 


1. Encaustic. 

6. Bright colored enameled. 

2. Semi- vitreous. 

7. Matt glaze. 

3. Unglazed vitreous. 

8. Faience. 

4. Bright glazed. 

9. Quarries. 

5. White glazed. 

10. Ceramic mosaic. 


Encaustic Tiles. — ^The word encaustic signifies that the tiles re- 
ferred to are neither roof nor drain tiles. The word itself means 
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"painted and having the colors fixed by heat.” Encaustic 
tiles as manufacturers classify them, are descnbed as unglazed 
semi-vitreous, unglazed vitreous, bright glazed, colored enam 
els, matt or dull glaze, faience, and fiint. 


Semi-Vitreous Tiles. — These are unglazed tiles made of 
natural clays with, in some instances, stains added to get color, 
and that do not or will not permit of high enough heat to flux 
a vitreous ingiedient. These are the commonest kind of tiles 
made, and the colors are confined to red, buff, chocolate, drab, 
salmon, and black. Some of the above colors will admit of a 
certain amount of vitrification, but it is not generally done. 



Fig 4 784 — ^Tiling for pumping station One of the first things necessary in a pumping 
station IS c’eanliness especially in the filter rooms Lined with tiles, the floors walls and 
ceilings of these important rooms offer no lodging place for dirt dust gei^ms or other im 
purities and can be quickly and easily washed down with the ordinary Tiling can 

even be stenliz d if necessary for live steam has no harmful effect on it« 
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Unglazed Vitreous Tiles. — In making these tiles white clays 
are Izirgely used with the addition of vitrifying ingredients that 
flux on firing and cause vitrification. The colors are obtained 
with chemicals or stains and are produced in the following 
colors: white, cream grays, celadon, sage, blue, green, olive, 
and pink. By an examination of the colors you can easily dis- 
tinguish the semi- vitreous from the vitreous. There are, of 
course, some exceptions as described above in semi- vitreous. 

Bright Glazed Tiles. — A bright glaze finish is secured by 
dipping any of the above mentioned tiles in white transparent 
glaze that does not change the colors of the tiles. 

White Glsf!o»d Tiles. — These tiles, such as are used in the 
walls of bath rooms, kitchens, etc., are not vitrified, except as 
to the glaze. They are made in those shapes and sizes for 
which the manufacturer has moulds. Because of vagueness in 
trade catalogues, it is not always understood that these tiles 
are confined to the shapes and sizes mentioned in these cata- 
logues. 

Bright Colored Enameled Tiles. — The process of finishing 
these tiles consists in dipping any of the heretofore described 
bisques in bright glaze, stained to give the desired color. The 
range of colors and shades is restricted only by the manufac- 
turer’s ability to obtain stains. These tiles can also be supplied 
in all sizes and shapes. 

Matt Glaze, or Dull Tiles. — ^These are made with bright 
colored glazes, in which is a mixture of acids that cause the 
colors to become dull, after they have been burned or fired. 
The s e colors are put on any of the bisques and are made in a 
wide range of colors, shades, and sizes. 
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Tiles that are glazed, on what is termed semi- vitreous and 
vitreous bodies, may be used for exterior decorations of build- 
ings, because they are frost proof. They may also be used for 
decorative floors, as the combination of floor body and glaze is 
almost indestructible, is easily kept clean, and the range of ar- 
tistic treatment is limited only by the conception of the designer. 

Faience. — ^This type of tile which is quite recently being 



Fig 4,785 — Tiled floors and walls for banks Not only must the floor of service xooms with 
stand extremely heavy traflic as a whole, but particularly along certain fixed lines between 
teller’s windows, toward elevators and other busy points A more suitable^nd appropriate 
material than tiles could not be chosen where traflfic is extremely heavy or conceniratrd 
at certain points, and in use is, in fact, an effectual oafeguard against sh^lsbiness and un- 
sightliness that result from uneven wear of floors, since wear and depreciation of tile floom 
are ml. The preservation of a true walking surface and other utilitarian qi|alities of a flow 
as much as its onginal color and attractiveness, are assured bv the use of tiles. 
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developed in this country, is made on somewhat different prin- 
ciples. The word faience is French; and is taken from the 
name of Fienza, a town in Italy, the original place of manu- 
facture of glazed decorative earthenware, especially that 
decorated in colors. In the 16th century Fienza had the 
reputation of making the finest glazed ware in the world. 

Most of the faience bodies are termed hand made, giving 
them a crude rough texture. The bodies or bisques heretofore 
described are made of dried clay or dust, while faience bodies 
are made of wet or plastic clays. 

Some claim that individuality and human feeling enter into 
the making of faience to an extent not obtainable in the dry 
pressed bodies, In any event, faience tiles are more irregular 
as to exact sizes, and the body lends itself to a richness in color 
and texture not obtainable by any other method of manufac- 
ture. Beautiful modeling may be secured at less cost of manu- 
facture than by the dust process. 

Faience tiles may be used for both exterior and interior 
embellishment- for floors and walls the range of sizes, shapes, 
and colors having practically no limit. 

Quarries. — ^The name quarry, as applied to tiles, has caused 
more controversy among those interested in the tile industry 
in this country, than any other product connected with tile 
making. Webster defines it in provincial english as a square 
piece of turf or peat, a square brick or tile. This much we do 
know — that they were made originally in Wales, of a natural 
rough clay found only there. The clay was mixed with water, 
rolled out in the same manner as dough, cut into squjire shapes 
with a piece of wire, and burned in open kilns, the same as a 
brick. Some were re-pressed after cutting, which improved the 
face and edges. For a long time Wales was the only known 
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place in the world where quarries were made. Their chief 
appeal was extreme cheapness and durability. 

During and since the great war, a number of American roo^ng tile 
makers have experimented with a natural shale, of which there is a vast 
quantity here, and have succeeded in making a very fair substitute, which 
they call quarries They have not, however, been able to produce the 
cherry red of the Welbh 

In Cngland these quarries arc used for garden walks, terraces, etc In 
this country they have been used whenever a stiong rough floor is desired 
To some they have considerable appeal on account of their i ough ruggedness. 
The sizes are 4 X 4, 6 X 3, 6 X 6, 9 X 9, and 12 X 12, and fiom ^ to 
2 thick 



tiG i 786 — Tiles floors and walls for dames For this purpose the tiles are glazed or vitri- 
fied to a degree that makes them impervious and dirt and grease remain on the surface, 
where they can be easily and Mmply removed Tiling is durable fireproof easy to clean, 
inorganic, non absorbent requires no outlay for maintenance and can be installed without 
serious interruption to business Cleining is an easy matter in a tiled dairy bpilltd milK 
with Its high percentage of fat is hard to remove from ordinary finishes but where non 
absorbent tiling is installed it is held at the burface, and is easily and qutpkly washed off 
No burface treatmenc or special process of cleaning is necessary to prcbcrve iiles in a cleanly 
4iid sanitary condition 




Tiles 


467 - 2,013 


Ceramic Mosaic Tiles. — By definition tne term ceramic, 
means the art of making things in baked clay, such as pottery, 
tiles, etc., and mosaics, is a surface decoration made by inlaying 
small pieces of glass, stone, or other material — hence the name 
ceiximic mosaic tiles. 
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Ceramic mosaic tiles are made 
in several small sizes and shapes, 
notably square, 

round, i " hexagon, X 1", etc. 
They are also made in narrow 
strips, vvhich may be cut into 
small pieces 
that permit 
of a wide 
range of 
pattern com- 
position , 
both geomet- 
ric and of the 
most intri- 
cate design. 




Figs. 4,787 to 4,792. — ^Bord^ra of ceramic mosaic tile. These tile come in square, hexagonal 
and round shapes pasted on paper in plain colors or simple designs is such a convenient 
mateiul to cany m stock with which to do smdl floors on short notice that he is frequently 
m the position of h iving to exUrnpo /.e the d^s?n on the floor with material that he has 
on hand. It is thcrcloic mccssaiy for him to k<op in mind c«Ttain simple considerations 
which m the case of largt i ^wrs arc met by the factory designer. Never lay an ornamental 
border directly against the wall Always use two inches or more of plain or uniform color 
as margin preferably of a darker tint than the geneial lone of the border and body. 


They are made sem^ -vitreous, vitreous, and glazed, both bright and dull. 

Ceramic mosaic tiles are uniformly about thick and are mounted on 
paper in sheets 2' X T, thus affording great economy in handling by the 
tile setters. They are used for both wall and floor covering and permit of 
as wide a decorative scope as the imagination of the artist can conceive. 

In addition lc the description of the several tiles mentioned, there are a 
number of others many of which are used by individual tile makers, to 
describe their own particular product. Some of them have no special 
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relation to tiles, but all have more or less significance and are used to 
describe glazes or textures. 

Schedule of Tiles. — The following schedule adopted by The 
Associated Tile Manufacturers giving names, descriptions, 
colors and sizes should be carefully noted. 


Schedule of Tile 


(According to The Associated Tile Manufacturers) 


1. Mosaic. 

Unglazed ceramic mosaic. 

Enamel mosaic 
Glazed mosaic 
Dull glazed mosaic. 

Matt glazed mosaic. 


b. Cut mosaic. 

c. Plastic mosaic. 

d. Faience. 


2. Vitreous and semi-vitreous. 

a. Unglazed vitreous and semi-vitreous tilec. 

Glazed 
Dull glazed. 

Matt glazed. 


3. Paving tiles. 

а, Flint t^es. 

б. Hydraulic tiles. 


Corrugated paving tiie«. 
Rough red paving tiles. 
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4. Inlaid and quarry tiles. 

a. Inlaid tiles. 

b. Quarry tiles. 


5. Glazed tiles and enamels. 

a. White glazed tiles. 

b. Enamels. 

c. Dull glazed tiles. 

d. Matt glazed tiles. 


6. Plastic tiles and Faience. 

a. Plastic tiles. 

b. Faience. 


Mosaic 

Ceramic Mosaic, This is the collective term for unglazed dust pressed 
tesserae inch thick and less than 2% square inches in area. These are 
vitreous or semi-vitreous as listed. 

Enamel Mosaic are ceramic mosaic tesserae of any of the regular 
sizes, shapes, and b^xiy colors as listed when glazed with a bright finish 
colored glaze. The glaze may be transparent, translucent, or opaque, and 
the body color accordingly may or may not be visioie through the colored 
glaze. 

Glazed Mosaic are ceramic mosaic tesserae of all sizes, shapes, and 
body colors as listed when glazed with a bright finish, clear, colorless glaze. 
Because of the transparency of the glaze, the body color of the tesserae is 
retained and the range of colors is limited to those in which unglazed 
ceramic mosaic is made. 

Dull Glazed Mosaic are ceramic mosaic tesserae of any of the regular 
sizes, shapes, and body colors when glazed with a dull finish white or colored 
glaze. 

Matt Glazed Mosaic are ceramic mosaic tesserae of any of the regular 
sizes, shapes, and body colors when glazed 'rntYiennattfinishwhiteor colored 
glaze. 

Plastic Mosaic, This term is used as a designation for tesserae of any 
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shape or size less than 2^ square inches in area made by the plastic process, 
in colors that result from the firing of natural clays. 

Faience Mosaic. This term is used as a designation for all plastic 
mosaic tesserae when glazed. The glazes may be bright, dull, or matt 
finish. Colors should be selected from samples and specified by the numbers 
which the member factories use for identification purposes. 

Mounting. All Mosaic is regularly furnished mounted on paper in 
sheets about 2 ft. X 1 ft., but can also be obtained loose. 

Cut Mosaic, This is the trade term for unglazed, dust pressed, vitrei 
ous or semi- vitreous strips, inch thick, and either 6x5^, 3x5i, oi 
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ITigs. 4,793 and 4,794 —Corners in ceramic mosaic tile. If the plain material in broken jointa 

treat the corners by tearing a mitre in the sheets so that each row of tile will oeem to run 

around the corner (see illustration). 



t'iGS. 4,795 and 4,796 — Corners m ceramic mosaic tile. It is unneccssaiy to carry a sto* 
of corners with simple ceramic bordeis as these can almost always be extemporized easily 
by tearing the running border sheets into mitres and Iittmg them together so as to make a 
comer figure 


SXJi inches in size, which are nade for cutting into irregular tesserae 
necessary in the production of ungeomotrical designs and pictorial work. 
The colors include all Unglazed Ceramic Mosaic colors and granites. 
Furnished in loos<? stnps or in assembled designs mounted on paper. 

Trimmers. These include combination quarter-rounds and coves, and 
outside and inside angles, for use with flat mosaic tiles. 
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Ceramic Mosaic 


Vitreous 

Grades 

Selected only (except white, of 
which a small quantity of the com- 
mercial grade is available) 

Colors 

White, celadon, silver gray, 
green, blue green, light blue, dark 
blue, pink, cream, and “granites” 
of these colors 

Sizes 

Square 

Oblong 

2H6" X 1" IHe" X H" 
Hexagon 1" 

Round 

Thickness 


Semi-Vitreous 

Grades 

Selected only 


Colors 

Buff, salmon, light gray, dark 
gray, red, chocolate, black, and 
“granites” of these colors 


Sizes 

Square 

Oblong 

2H6" X 1" IHi" X 
Hexagon 1" 
Round 1^6 " 

Thickness 34" 


Vitreous and Semi-Vitreous Tiles 


Vitreous and Semi-Vitreous Tiles. These are group designations for 
unglazed dust pressed tiles inch thick. They are vitreous or semi-vitre- 
ous according to color. 

Glazed Vitreous and Semi-Vitreous Tiles are the vitreous and semi- 
vitreous tiles as listed when glazed with a bright, clear, and colorless 
glaze. The principal characteristic of these tiles is that, because of the 
transparency of the glaze, the body color is retained. The range of colors 
IS limited to those in which unglazed vitreous and semi-vitreous tiles are 
made. 

Dull Glazed Vitreous and Semi-Vitreous Tiles are tiles of any of the 
regular sizes, shapes, and body colors as listed when glazed with a dull 
finish white or colored glaze. 
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Matt Glazed Vitreous and Semi-Vitreous Tiles are tiles of any 
of the regular sizes, shapes, and body colors as listed when glazed with a 
matt finish white or colored glaze. 

Vitreous and Semi-Vitreous Trimmers are unglazed, dust pressed, 
standardized shapes to serve as coves, quarter-rounds, angles, bases, etc 
They are also furnished, when necessary, with glazes corresponding to 


those of the hat tiles. 

Vitreous 

Grades 

Selected and Commercial 

Colors 

White, celadon, silver gray, 
green, blue green, light blue, dark 
blue, pink, cream, and granites of 
these colors 


Semi-Vitreous 

Grades 

Selected only 

Colors 

Buff, salmon, light gray, dark 
gray, red, chocolate, black, and 
granites of these colors 


Sizes 

Square 3" 2W' IH" We" 
Oblong 

3'' X 13^" 3" X 1" 

3" X 2H" X 114'" 

IHi" X 


Octagon 3" 
Hexagon 3" 2" 


Triangle 3'' 
Thickness 


Sizes 

Square 6" 4Ji" 3" 23^" 13^" 
Oblong 

9" X 3" 4Ji" X 2H" 

6" X 4K" X IHis" 

6" X 3'' 3" X 13^" 

6" X 2'' 3" X 1" 

6" X IV 2 ” 3" X K" 

6" X H 2J^" X We" 

6 " X W' We" X 

Octagon 6" 4}^" 3" 

Hexagon 6" 6" X 3" 4}^ " 43^'* 
X 23 ^" 3" 2" 

Pentagon 554" X 23^" 

Triangle 3" PV.i" 1%" 
Thickness 
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Paving Tiles 

Paving Tiles. This term is a group designation for unglazed dust 
pressed tiles inch thick. These are vitreous or semi-vitreous according 
to the schedule, 

Flint Tiles are unglazed vitreous paving tiles as listed. 

Hydraulic Tiles are unglazed semi-vitreous paving tiles as listed 

Trimmers. These are certain vitreous and semi-vitreous shapes to 
serve as coves, angles, bases, etc., in connection with the flat paving tiles, 
and are the same as made for vitreous and semi-vitreous tiles. 


Flint — Vitreous 

Grades 

Selected ajjd<Wnmerdal 

Colors 

White, light gray, dark gray, 
pearl gray, celadon, sage, light 
blue, dark blue, green, cream 

Sizes 

Square 6" 

Oblong 

6" X 4" 6" X H" 

6" X 3" 

Octagon 6^ 

Hexagon 6" 4J4" 

Thickness Ji" 


Semi-Vitreous — Hydraulic 
Grades 

Selected only 


Colors 

Red, light gray, dark gray, buff, 
black, salmon, chocolate, and 
granites of these colors 

Sizes 

Square 6" 4Ji" 

Oblong 
9" X 3" 

6'' X 3" 

10" X 5" 

6" X 

Hexagon 6" 4Vi" 

Thickness Ji" and 


Corrugated Paving Tiles are semi-vitreous, unglazed, dust pressed 
paving tiles inch thick and 6 inches square with a corrugated face. 

Rough Red Paving Tiles are semi-vitreous, unglazed, dust pressed tiles 
H inch thick (except 9X9 inches, which are inch thick) in sizes 9X9, 
9 X 414. 6X6. and 6X3 inches. 


2,020 - 474 


Tiles 


Inlaid and Quarry Tiles 

Inlaid or Encaustic Tiles are unglazed dust pressed decorative tiles 
inch thick, produced by inlaying a figure or ornament of one or more 
colors into a body of a contrasting or harmonizing color before firing. They 
are vitreous or semi-vitreous according to the colors 

Quarry Tiles is a term for machine-made unglazed tiles, inch or more 
in thickness, made from common clays 


Inlaid Tiles 

Grades 

Selected only 

Colors 

Buff and red, buff and chocolate, 
black and buff, red, black, and 
buff, blue and white, white and 
sage white, blue, and red 

Sizes 

Square 6" 4^" 3" 234" 13^" 

Oblong 

6" X 3" 4K" X 234" 

6' X 1J4' 

Thickness 34 ' 

Trimmers for Inlaid and Quari 
Vitreous and Semi-Vitreous Tiles 


Quarry Tiles 

Grades 

Selected only 

Colors 

Red, red granite, light giav 
granite, dark gray granite, black 
granite, chocolate granite, ligh 
brown granite dark brown gran 
ite, green granite 

Sizes 

Square 9" 6" 

Thickness 1" and 

Tiles are the same as those made for 


Glazed Tiles and Enamels 

White Glazed Tiles. These are dust pressed glazed tiles 34 or 54 mch 
thick according to size with white body, and a bright timsh transparent 
glaze ' 
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Enamels are drst pressed tiles H inch (hick with a bught finish colored 
glaze, transparent or opaque, on a white or colored body 

Dull Glazed files are dust pressed tiles M inch thick with a dull finish 
and transluren i or opaque glaze in white or colors on a white or colored body. 

Matt Glazed Tiles are dust pressed tiles inch thick with an opaque 
glaze devoici of all gloss in white or color on a white or colored body 

Coloi s The vagueness of color nomenclature prevents the preparation 
of a list of the almost endless number of colors and shades in which glazed 
tiles are produced Selection should be made from samples and the color 
specified by number Each member factory has its own range of colors and 
method of numbering 


Trimmers are tiles m standardized shapes such as coves, quarter- 
rounds, bases, caps, angles, architraves, mouldings etc They are fur- 
nished in bright dull or matt finish gla/e® and in enamels 



Fig 4 7Q7 — Tiles for chemical laboratories For this purpose the tiles are set in acid 
resisting cement, producing a surface proof against the reacUon of alkalis and acids excepting 
hy irofluonc 
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White Glazed 


Grades 

For regular sizes in bright finish: 
Selected, Standard, and Commer- 
cial; For other sizes: Selected and 
Commercial 

Colors 

White 

Surfaces and Finishes 

Bright only 
Plam or embossed 


Regular Sizes 

Square 6'' 4K" 

Oblong 

6" X 3" AK" X 2H" 
6" X 2" 


Other Sizes 

Square 3" 2H" IH" We" H" 

■ 

Oblong 

6'' X W" 3" X IH" 

6" X 1" 3" X 1" 

6" X H" 3" X 

6" X W' 3" X 

W" X We" 2}^" X We" 
Octagon 3" 

Hexagon 3" 2" 

Thickness 

except W" X W", 6" X 
3'', 6" X 2" and 4Ji" X 2H" 
which are thick 


Dull and Matt Glazed 
and Enamels 

Grades 

Selected and commercial 


Colors 

See opposite page 


Surfaces and Finishes 

Glazed: Dull and NIatt 
Enamels: Bright only 
Plain or embossed 

Sizes 

Square 6" 4K" 3" 2H" 
We" Ji" 

Oblong 

6" X 5" 4K" X 2H" 

6" X 2" 4K" X We" 

6" X W" 3" X W" 

6" X 1" 3" X 1" 

6" X 3" X H" 

6" X 2H" X We" 

Octagon 3" 

Hexagon 3" 2" 


Thickness 
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Plastic Tiles and Faience 

Plastic Tiles are unglazed plastic-made tiles in natural colors regardless 
of size, shape, or thickness. 

Faience is the name given to glazed plastic-made tiles regardless of 
size, shape, thickness, or color, in bright, dull or matt finish. 

Colors, Because of the vagueness of color nomenclature and the almost 
unlimited possibilities and varied combinations of colors, it is impracticable 
to present even a partial list of the colors and finishes produced. Selection 
should be made from samples and the colors specified by the numbers which 
the factories use for identification purposes. 

Trimmers. Bases, caps, mouldings, etc., in plastic tiles and faience, 
are made in regular shapes and also special, according to effects desued. 


riiistic 

Grades 

Selected only 

Colors 

Natural clay colors 

Surfaces and Finishes 

Smooth or rough 

Plain or embossed 

Sizes 

Obtainable in regular and special 
sizes. The production of special 
sizes is not subject to the same re- 
strictions as in the dust process, 
and special sizes can readily be 
made 

Ihickness and over, accord- 
ing to size and conditions 


Faience 

Grades 

Selected and Commercial 

Colors 

See above 

Surfaces and Finishes 

Bright, dull, matt 

Plain or embossed 

Sizes 

Obtainable in regular and special 
sizes. The production of special 
sizes is not subject to the same re- 
strictions as in the dust process, 
and special sizes can readily be 
made 

Thickness and over, accord- 
ing to size and conditions 
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Manufacture of Tiles. — The art of tile making and working 
in clay is the oldest known effort of man to create something 
useful for his requirements. There are specimens in museums 
known to have been made 6000 B. C. In considenng tiles we 
are dealing with a product which has interested and delighted 
antiquarians. 


Previous to the Centennial Exposition, held in Philadelphia in 1876, 
tiles were not well known in this country although they were in common usf 
m Eurooe Some English manufacturers showed comprehensive exhibits 



G 4 798 —Porch tiling Because they are inorganic dies do not detenoi^te when exposed 
to the w ather, hence they ire especially suitable kor exposed plac'^s Moreover, do 
not stain easilv and will not fade nor corrode 
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at this exposition, which stimulated progressive American manufacturers. 
One factory was started in Ohio and another in Indiana. 

Tiles are made from natural clays, or from different kinds of clays, 
feldspars, and flints which are obtamed from domestic banks and quarries 
or imported from other countries, and are selected, proportioned, and 
mixed according to the kind of tiles to be manufactured. These raw mate- 
rials undergo a variety of refining and mixing processes before they become 
suitable for forming or pressing into tiles. 


There are two different ways of making tile, known as: 

1. The plastic process. 

2. Dust pressed process. 

The Plastic Process. — In this process the materials are 
mixed with water and run through pugging machines until of a 
uniform pla*' Kc consistency . In this condition they are pressed , 
either by hand or machine in dies or moulds, and after drying, 
are put into burned clay containers known as saggers, in which 
they are sent through the kilns and fired. 

The plastic nature of the material has a tendency to produce 
tiles that vary slightly from the true geometric shapes and 
bring about the pleasing irregularity characteristic of plastic 
made tiles. 

The Dust Pressed Process. — In this process, the materials, 
after being finely ground and mixed with water, zire passed 
into filter presses where the excess water is pressed out. The 
resulting mass is dried and pulverized and then pressed into 
shape in metal dies. Every piece is inspected, fettled, if neces- 
sary, to remove feather edges, and is then placed in the saggers 
and sent through the kilns. The tiles in this unburned state 
are called green tiles. 

Firing in Kiln. — All tile whether made by the plastic process 
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<x dust pressed process are subjected to high temperature by 
firing in the kiln. Here they are given either: 

1. A single firing, or 

2. A double firing, 

according as the finished tile is unglazed or glazed. 

Unglazed Tiles; Single Firing. — ^The one firing brings them 
to their respective degrees of vitrification, colors, and surface 
texture. It lies in the nature of the raw materials and color 
ingredients that some can be fired to complete vitrification, 
while others do not permit this because physical destruction of 
the product would result . Hence, the unglazed tiles are burned 
either vitreous or semi-vitreous, according to their colors as 
listed in the schedule already given. According to Kidder the 
vitreous tiles are “the hardest tiles known: and cannot be 
scratched by steel or sand, are non-absorbent and thoroughly 
aseptic.” 

Glazed Tiles; Double Firing. — ^The “green” tiles which are 
to be given a glazed surface, are first fired in the biscuit kiln 
at a temperature of over 200® Fahr. The fifing produces the 
“biscuit," “bisque” or “body,” made either plastic or by the 
dust pressed method. 

The biscuit is subsequently coated with the glazing liquid » made from 
pulverized hint, feldspar, clay and a hux, and is placed in the gloss kiln, 
where it is subjected to slightly lower temperatures (second firing) which 
produce the glaze and unite it with the biscuit . 

The resulting silicious coating is known as glaze and manufacturers dis- 
tinguish between glazes, enamels and dull finishes according to the ingredi- 
ents and characteristics of the coating. 

Trade custom, however, has extended the application of the word 
^'enamels'* for instance, to designate a kind of tile, namely, jthose having a 
white body and a bright finish colored glaze . 

Again the same kind of tile with a colorless glaze is* cdtnmonly called 
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white glazed tile. Conversely, the white tiles generally used for wainscoats 
in bath rooms are called glazed and the same tiles with a colored glaze in a 
bright finish are called enamels. Both glazes and enamels are entirely 
vitreous coatings. 

How Colors are Produced. — The colors of dull and matt 
glazed tiles and Faience are produced by various metallic 
oxides which stain the base or flux of the glaze while it is in a 
state of fusion. Certain color effects, particularly in Faience, 



Fig 4,799.— Theatre tiling. 
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require more than one firing. In such cases the temperature of 
the kiln has to be changed or adjusted to different fusion 
points at which the ingredients of the successive glazings 
develop the various colors. 

An important practical property of all colored glazes and 
enamels is that of being entirely non-fading. The range of 
colors and tints is almost unlimited and virtually any color 
effect or combination can be obtained. 

Surface Finish. — The glazes and enamels are so propor-. 
tinned and so fired that, as predetermined by the effect desired 
or texture to be obtained, the surface will result in a bright, 
dull, or matt finish. The bright have a surface or high gloss, 
the matt are entirely devoid of gloss, and the dull finishes lie 
intermediate between these extremes. 

Finishes such as eggshell, vellum, orange skin, crocodile skin, crystalline, 
etc., are varieties of the dull and matt, and present an extensive line of 
surface textures. 

Crazing. — ^This is a term given to minute crackling which 
sometimes becomes visible on the surface of glazed ware. Tiles 
cannot be guaranteed against crazing.* 

Sorting and Grading. — ^Tiles are not, and cannot be, manu- 
factured in predetermined grades or qualities. The object 
of the makers is to produce but one grade, viz., the highest 
obtainable with the materials and forces at their disposal. 


"■NOTE — In former years manufacturers were willing to guarantee glazed tiles against 
crazmg This* however, is not now done or required, since producers and specihcation writers 
alike realize that crazing of a glazed surface cannot be absolutely controlled One of the causes 
of the phenomenon known as crazmg is the slightest kind of a differencenn the coefficients of 
expansion and contraction between the matenals of the body and thosa of the glaze Other 
more frequent causes of crazing have been traced to unequal settlement and to the expansion 
and contraction of foundations, as well as to physical and chemical changes which may take 
[dace in backgrounds and foundations upon winch tiles are set. 
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Because of limitations in the processes and the difficulty of 
absolute control in firing conditions, certain variations in 
shades, sizes, etc., take place which are inherent in the manu- 
facture of clay products. 



Tile makers therefore sort the tiles, after they come from 
the kilns, into different grades 
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Fig 4,801 ^Various combinations of the basic 6 in square with ins^nbedi squares and diaronal 
halves 
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With respect to wearing and sanitary qualities no difference 
exists in these grades, as surface blemishes, warpage, and 
appearance alone are the basis for the grading. 

The sizes and thicknesses tabulated in the schedule and 
shown by the drawings for various kinds of tiles should always 
be considered as subject to slight variations, or “tolerances,” as 
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Fics. 4,802 to 4.804 — ^Various oblongs resulting from the three larger squares of fig. 4 , 900. 
Six in. oblongs: 6 X 4; 6 X 3; 6 X 2, 6 X I'a; 6 X 1; 6 X 6 X fourisndonm^ 
quarter in, oblongs: X2H;4J^ X l’i«. three in, oblongs: Z X IHl 3 X 1; 3 X Hi 

3 X 


in the case of all clay products, since the materials and forces of 
nature employed in their production are not susceptible to 
complete control. 

Grades should be considered from the appearance of the 
tiles in the mass, since no single tile can be truly representative 
of any particular grade. 
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6X4 6x3 6xZ ^xl 6x| 6*^ 3x^ ^3*1 4^X2^ 4^x14 z^xl^ 

s. 4,805 to 4,822. — Development of tile shapes. 
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Tiles are generally graded as: 

1. Selected. 

2. Commercial. 

The selected grade represents picked tiles of practically 
uniform quality, while in the commercial or cheaper grade, 
the quality varies within limits such that it will be satisfactory 
for ordinary work. 

Tile Sizes. — ^The basis for all regular sizes of modem tile is a 
six inch square, this being handed down from medieval potters 
and still in use at the present time. 

Fig. 4,800 shows the method of division into shapes which result in squares 
of the sizes given with their related diagonal halves and quarters. All these 
squares, by adding suitable diagonal halves, work out to the original unit 
as shown in fig. 4,801. 

The three larger squares resulting from this geometrical pattern are again 
divided into the oblong shapes and sizes as shown in figs. 4,802 to 4.804. 

Various shapes in common use are those derived from the octagon, 
hexagon and other geometncal figures which, together with the resultants 
to the sub-divisions as shown in figs. 4,805 to 4,840. 
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Tile, Terms and Definitions 

Tile. — A designation for all types of glazed and unglazed tiles, made 
exclusively from clay, with or without other ceramic materials, and burned 
in in the course of manufacture. They are made in sizes which can be 
handled conveniently, installed individually or in multiple units, and used 
exclusively as facing or surfacing for interior or exterior walls, floors, pave- 
ments, ceilings, etc., and are not a structural unit. 

Cement. — Cement for use in mortars, setting beds, grouting, and all 
other operations in connection with the tile work refers to a standard grade 
Portland cement of domestic manufacture. All Portland cement shall be 
of a color other than white unless otherwise designated. 

Lime . — ^Lime for use in mortars, setting beds, and all other operations 
in the tile work refers to a high calcium type lime putty, as prepared from 
domestic hydrated lime or properly slaked quicklime. 

Morlmr. ^ A mixture of cement, with or without lime putty, fine aggre- 
gate and water, with or without the addition of admixtures, such as integral 
waterproofing compounds. 

Aggregates . — ^The term “aggregates’' applies to the non-cementatious 
materials, such as sand in tile mortars and sand, gravel, and stone used in 
concrete fill and other operations in connection with the tile work. 

Concrete Fill . — The layer or bed of concrete serving as the underfill 
and base for floor tile and other horizontal tile installations. It is applied 
upon the sub-floor to a thickness sufficient to bring the mortar setting bed 
and tile to the proper surface level. 

Cleavage Plane or Cushion . — ^A layer of material, such as sand or 
building paper, used to separate the concrete fill or mortar setting bed from 
the sub-floor or other structural base, to permit a possible independent 
movement of the sub-floor or structural base. 

Mortar-Setting Bed . — The layer or bed of mortar applied to the con- 
crete fill or other sub-floors and sub-walls upon which the tiles are laid and 
beaten in. 

Scratch Coat . — ^A mortar bed applied directly upon the metal lath, 
hollow tile or other types of sub-walls for the purpose of providing a suffi- 
ciently strong and rigid surface upon which the mortar setting bed or the 
plumb coat can be properly applied, and also to act as an absorption regu- 
lator when applied to bases of a porous nature. The scratch coat is scored, 
scratched or grooved to insure a key and bond with the mortar setting bed. 
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Buttering . — method of applying the mortar setting bed upon the tile 
before placing the tile and mortar upon the scratch coat . In this method , a 
sufficient quantity of mortar is spread upon the back of each tile unit, so 
that when the tile and mortar are placed upon the scratch coat, the tile 
can be tapped to the required surface level. 

Floating , — method of applying the mortar setting bed upon the 
scratch coat and placing the tile thereon. In this method, the mortar is 
troweled or spread upon the scratch coat to a true plumb surface and is of 
sufficient thickness to bring the subsequently applied tile to the required 
surffice line. A thin skim coat of neat cement is spread upon this mortar 
b^ or on back of each tile unit, and the tiles are beaten into the mortar 
bed to the required finished surface line. 

Screeds or Screed Strips , — A wooden strip section or a part of mortar 
laid on a floor or wall at intervals to gauge the thickness of setting beds or 
to indicate the finished tiled surface. 

Grouting and Pointing . — ^The method of finishing the joints of all tile 
work by filling them with cement or a mortar. 

Inserts . — Isolated or grouped tiles, plain or decorated, set in a finished 
surface of tile or other materials, such as brick, stone, stucco, concrete or 
cement, whether on interior or exterior walls or floors. 

Trimmers or Trim. — Bases, caps, corners, angles, architraves, and 
other tile mouldings and shapes to suit various kinds, shapes and sizes. 


Types of Tile. 

There are two general kinds of tile — glazed and unglazed. 
Each of these is composed in various types: 

Shapes and Sizes . — The shapes and sizes of tile available allow wide 
architectural freedom and design, but for economy and convenience the 
industry has adopted certain approximate standards which can be furnished 
by most manufacturers. Individual manufacturers make additional sizes 
and shapes which are special. 


Degrees of Vitrification of Tile. 

Impervious . — ^That degree of density of either the tile gWze or the body 
which will not permit the absorption of any liquid or grime, and from whose 
surface any stains or grime may be easily removed. 
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Vitreous * — ^That degree of density of tile body which will absorb less 
than 3 per cent of moisture, and which will not permit any grime penetration 
into the face of the tile which cannot be readily removed. 

Semi-Vitreous . — ^That degree of density of tile body which will absorb 
more than 3 per cent, but less than 7 per cent of moisture. 

Non-Vitreous . — That degree of density of body which (although having 
high strength) will absorb more than 7 per cent of moisture. 

Each of the different degrees of vitrification has advantages for certain 
purposes. For instance, glazed interior tile, which is the glazed tile most 
commonly used for interior wall installations, has a non-vitreous body with 
an impervious glazed face. It is durable and lends itself more readily to 
faster installation than a more vitreous tile, thereby reducing the cost of 
installation below that of glazed semi-vitreous or vitreous bodies. Like- 
wise, semi -vitreous unglazed tile permits development of certain color 
effects which cannot be produced in a vitreous or impervious unglazed tile. 


Glazed Tile. 

General . — A glazed tile is a tile which has a glass-like surface composed 
of ceramic materials fuzed upon its surface. Such glazed surface is impervi- 
ous. It does not absorb stains nor change color. Ink, pencil markings, 
oil, and grease may be easily removed. Ordinary acids will not injure 
glazes except as especially stated herein. 

The body of the tile may be composed of white or colored clays or other 
ceramic materials. It may vary in de^ee of vitrification or absorption 
according to the purpose for which the tile is intended. The body of the 
tile, its color, its method of manufacture, and the glaze applied thereon may 
be produced by various methods suitable to the individual manufacturer 
except as otherwise stated herein. 

Color and Finish of Glaze.— The glaze on tile may bt clear, opaque, 
white, black, colored, or polychrome with smooth, mottled, veined or 
ripple effect. The finish of the glaze may be bright, semi-matte or matte. 
Each glaze has its own characteristic finish, which is an inherent part of the 
glaze, and cannot be changed readily to meet personal preference. 

Bright, Semi-Matte and Matte Glazes . — The surfaces of glazed 
tile vary in light reflecting properties. If the glazed surface reflects an 
image, it is called a bright glaze. A glaze surface which does not reflect an 
image is called a matte glaze. Surface finishes between a bright and a matte 
glaze, are termed semi-malte. 
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A method of determining whether a glaze is bright (reflecting) or matte 
(non-reflecting) is as follows: Place a piece of tile in vertical position upon 
a horizontal surface with its face parallel to the direction of the strongest 
source of light. Then place a white envelope on the horizontal surface two 
inches in front of the glazed face of the tile. If the outline of the edges of 
the envelope are visible on the face of the tile, it is termed a bright glaze. 
If the tile does not reflect the image of the edge of the envelope, it is termed 
a matte glaze. 

£/s6s. — P roper use of glazes should be recognized . Bright surface glazes 
may be used on walls, but should not be used on floors at any time. Semi- 
matte glazes may be used satisfactorily on interior wall surfaces, and on 
floors subject to limited floor traffic. Matte finish glazes, on the proper 
body, can be used for interior walls and floors restricted to reasonable 
residential wear. 

Weatherproof, — The word weatherproof as used, means that repre- 
sentative samples of tile to which the name applies will withstand the 
standard freezing tests used by the Tile Industry Research Bureau without 
disintegration of the tile. 

Glazed Interior Tile, — Symbol GI. This designates a durable tile 
having an impervious glazed face with a white or colored body composed of 
clay or other ceramic materials. This type of tile is suitable for use in 
interior locations not subject to freezing temperatures in the presence of 
water. The thickness of this tile shall be at least 34 inch, for units up to 
36 square inches in facial area, and at least 3^ inch for larger units. 

Glazed Weatherproof Tile. — ^Symbol GW. This designates a tik 
having an impersfious glazed face and a semi-vitreous or vitreous white or 
colored body composed of clay and other ceramic materials, and which will 
pass the standardized freezing tests as established by the Tile Industry 
Research Bureau. 

The thickness of this type of tile is usually 3^ inch, but it may be a 
minimum of inch, if less than 36 square inches in facial area. 

To be entitled to this name the tile must withstand the standard tests 
for “Weatherproof.'' 

Faience Tile, — This designates a tile having an impervious glazed and 
a dense body which is formed while in its plastic state and made principally 
from clay and other ceramic materials. 

The appearance of this tile is characterized by a rugged, individual, 
although artistic variation of the face and edges like that occurring in handi- 
craft methods of forming and finishing in the plastic state. 
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This type of tile usually has a heavier coating of glaze than glazed in- 
terior tile, and is more subject to heavier deposits of the glaze at the edges 
of the tile. It is well adapted to and widely used for manufacturing special 
architectural shapes or designs having a glazed finish. It is also obtainable 
in a large variety of sizes, shapes and designs. 

The tiles of this type are: 

Faience Mosaics, — Symbol FM. Tile between inch and % inch 
in thickness which is less than six square inches in facial area. 

Weatherproof Faience Mosaics, — Symbol WFM. Tile which with- 
stands the ‘’Weatherproof’* test without disintegration and conforms to 
sizes stated for “Faience Mosaics.*’ 

^ Faience — Symbol FT. Tile at least 1 2 inch thick, varying to greater 
thickness for the larger sizes. This tile is larger than 6 square inches in 
facial area, except in cases where smaller sizes are needed to complete a 
pattern with the larger sizes. 

Weatherproof Faience. — Symbol WF. Tile which withstands the 
“Weatherproof’* test without disintegration and conforms to “Faience*' 
as previously stated. 

Unglazed Tile. 

General. — ^Unglazed tile is composed of the same ingredients throughout 
the entire body (mass) as appear upon the face of the tile. The ingredients 
of the body may be clay, shale, or other ceramic materials, and manufac- 
tured by various methods. The surface may be either plain, mottled, or 
“fire-flashed.” 

Ceramic Mosaic, — This designates certain standard sizes of unglazed 
tile which are less than 6 square inches in facial area and approximately 
inch to % inch thick. 

NOTE. — Ceramic mosaic is usually pasted on sheets of paper to as.&ist in setting. It 
is usually arranged in a mosaic pattern formed by the size or color of the tile. 

Paver. — This name designates certain sizes of unglazed tile (Quarry and 
hand-made unglazed tile excluded) . It is 6 square inches or more in facial 
area, except smaller sizes, which may be required to complete a pattern of 
the larger sizes. Unless specifically stated otherwise, pavers are }4 inch 
thick (minimum % inch thick) varying to a greater thickness for the larger 
sizes. 

NOTE.— These sizes are usually shipped unattached to paper and laid individually. 
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Unglazed tile having either an impervious, vitreous or semi-vitreous body 
is suitable for interior or exterior use subject to freezing temperatures in 
the presence of water. 

Porcelain Tile, — ^This designates a vitreous unglazed tile made from 
clay and other ceramic materials refined and usually intimately mixed by 
washing. Tile of this type is characterized by a fine-grained dense body, 
sharply and precisely formed edges, and a smooth face impervious to 
stains. It is easily cleaned. 

The color of the body, except white, is secured principally by the ad- 
mixture of mineral oxides and stains. This tile is available in white, black 
and various colors, having either a plain, mottled or flashed face. The 
color effects, excepting red, are generally brighter, clearer and purer than 
those of other types of imglazed tile. 

NOTE — If white or very light colors of unglazed tile are desired, specify "Porcelain'"' 
type so as to be sure of the non-staining qualities of the lighter colors. 

The names of tile of this type are: 

Porcelain Ceramic Mosaic, — Symbol PCM. Designating tile within 
the Ceramic Mosaic sizes described herein. 

Porcelain Pavers. — Symbol PP. Designating tile within the Paver 
sizes described herein. 

Natural Clay Tile. — This designates unglazed vitreous or semi- 
vitreous tile made principally from clays and shales and to lesser degree, 
other ceramic materials which are usually mixed together without washing 
and are formed by either pugging, cutting or pressing?" 

Tile of this type is characterized by precisely formed face and edges, 
and a dense body with a granular structure. The face of the tile presents 
a somewhat rugged surface, which is rough enough to minimize slipping and 
yet sufficiently smooth to be readily cleaned. 

The color of the body is secured principally from the natural firing colors 
of the clays . This tile is available in various colors , but principally in black , 
reds, browns, tans, grays or blends thereof having either a plain, mottled 
or flashed face. 

The names of tile of this type are: 

Natural Clay Ceramic Mosaic. — ^Symbol NCM. Designating tile 
within the Ceramic Mosaic sizes described herein. 

Natural Clay Papers.— Symbol NCP. Designating tile generally over 
6 square inches in facial area and otherwise within the Paver sizes described 
herein. 
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Abrasive Tile. — This designates an unglazed tile of either the Porcelain 
or Natural Clay type with an admixture of approximately 5 per cent by 
weight of abrasive grain (such as carborundum or alundum). 

By reason of the abrasive grain, tile of this type is characterized by a 
coarse, rugged face, extremely resistant to slipping. The face and edges 
of the tile are rugged, but reasonably straight. The abrasive grain is 
thoroughly impregnated within the body of the tile. The surface can be 
readily cleaned. 

This tile presents a speckled effect resulting from the interspersed 
abrasive grain showing on the surface of the tile. 

The iiames of tile of this type are: 

Abrasive Ceramic Mosaic. — Symbol ACM. Designatir<g tile within 
the Ceramic Mosaic sizes described herein. 

Abrasive Paver, — Symbol AP. Designating tile within the Paver size 
described hcKi 1 1 . 

Glazed Ceramic Mosaic Ti7e.~ Symbol GCM. This designates a 
tile within the limits of the sizes of Ceramic Mosaic, as described herein. 
It may be glazed with either a transparent, white, block or colored glaze, 
or with ix)lychrome and mottled effects thereof. The body may be either 
the Porcelain or the Natural Clay type, and is usually the general color of 
the glaze applied thereon. 

Quarry Tife,— Symbol QT. This designates an unglazed tile made 
entirely or principally from clay and shale, or mixtures thereof. It is 
usually formed in the plastic state by extrusion or pressing. 

Tile of this type is characterized by a dense body and usually has the 
somewhat rugged appearing face which is characteristic of larger sized tile 
mechanically formed in the p.astic state. However, the face and edges are 
reasonably straight and smooth, and are readily cleaned. 

The color is secured principally from the natural firing colors of the clay 
and shale used . The colors are principally red , buff , gray and blends thereof 
with either a plain or a flashed face. 

This tile is, unless specifically stated otherwise, a minimum of inch 
thick, varying to greater thickness to meet manufacturing convenience. It 
is generally larger in facial area than 6 square inches, but smaller sizes may 
be furnished as part of a pattern of the larger sizes. 
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Hand-Made Unglazed Tile . — Symbol HMU. This designated an 
unglazed tile which is formed while in its plastic state. The body is com- 
posed of clay principally, and to a lesser degree, other ceramic materials, 
prepared or blended by individually convenient methods. 

The appearance of this tile is characterized by a rugged individual, 
although artistic variation of face and edges like that occurring in handi- 
craft methods of forming and finishing in the plastic state. 

The tile is a minimum of H wch thick, varying to greater thickness to 
meet manufacturing convenience. It is generally larger in facial area than 
6 square inches, but tile of smaller size is furnished if needed as part of a 
pattern of larger sizes. 

This type of body is adapted to, and widely used for, manufacturing 
special architectural shapes or designs having an unglazed finish. 
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CHAPTER 85 

Tile Setting 


The author is indebted to Mr, C. R. Taylor, prominent 
authority on tile and tile setting, for valued assistance in 
securing the photographic views shown in this chapter, also 
similar views in the chapters on bricklaying and plaster- 
ing. All these views were posed and photographed 
especially for this work . 


In old buildings cleats should be nailed to joists-5 ms. below 
intended finishing floor line and short pieces of boards (not 
over 6 ins. wide) in. apart fitted in between joists upon 
the cleats as sliown in fig. 4,842. These boards should not be 
nailed but the joists thoroughly bridged. The boards should 
be cut for a loose fit against joists to allow for swelling. 

To prevent an uneven foundation, the tops of the joists, 
when strong enough, should be chamfered off to a V-shaped 
edge as shown in fig. 4,842. When strong enough, an inch 
or more should be cut off the tops of the joist before cham- 
fering as indicated, to give an even foundation; thus reducing 
the bearing and the chance of cracking in case of settlement. 

Having completed the foundation, as in figs. 4,841 or 4,842, it should 
be covered with a layer of roofing paper to protect it from moisture of 
concrete and prevent dripping through to ceiling below. In the case of 
new work the paper is placed on the sub-floor. For old v'ork with a 
foundation as in fig. 4,842, the roofing paper should be placed over the 
boards and carried up the joists; separate pieces shall then be put closely 
over the joists and overlapping those on the boards. 

Concrete Setting Bed. — Having prepared the fotmdation as 
in figs. 4,841 and 4,842 and covered it with roofing paper, the 
next operation is the laying of the concrete setting bed. Place 
on the foundation two guide strips of a thickness equal to the 
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thickness of the con- 
crete setting bed. 
Spread out the con- 
crete over the space 
between these strips 
and true up the sur- 
face by working a 
straight edge across 
the screed strips as 
shown in fig. 4,843. 


In the case of old 
work where the top of 
the concrete setting 
bed comes flush with 
the tops of the joists 
or a little below the 
guide strips are not 
necessary because the 
tops of the joist may 
be used as a base 
upon which to rest 
the screed strips in 
^truing up the mortar 
setting bed. In large 
rooms it will be nec- 
essary to lay the beds 
in sections 


Reinforcement.- - 
In old work espe- 
cially, it is advis- 
able to place a re- 
intorcfement of wire 
nettir^g on top the 
concfete setting 
bed, aes in fig. 4,844. 
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This netting should be stretched tightly and fastened at the 
ends. When the bed is thus reinforced it will tend to counteract 
volume changes within the mortar as well as distribute strains. 


Mortar Setting Bed. — On top of the concrete setting bed 
and the wire reinforcement is placed the mortar setting bed, 
also known vulgarly as “mud,” or float coat. This is the 



Fig. 4,843. — Method of laying concrete setting bed to uniform depth by means of levelin gwith 
gauge strips and straightedge. 


setting bed on which the tile are placed or “floated,” hence 
the name “float coat.” 

The cement mortar for this bed should consist of 1 part Portland cement 
and 3 parts clean washed sand, thoroughly mixed. Cement mortar must 
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SCREED STRIPS CONCRETE SETTING BED 

He. 4345 —Screed or float m position on screed strips for levelinR mortaf setting bed on con- 
crete tetting bed The inside ends of the notches should be about 2 119 less than the dis- 
tente between the inside edges of the stnps and the notches cut to a depth H in less than 
the thickn«>s8 of the tile. 




LEVEL OF FINISHED FLOOR INITIAL POSITION TAHPED POSITION 

I OF TILE OF TILE 
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the surface of the finished 
tile floor equal to the 
thickness of the tile. 


Accordingly allowing H 
in for tamping down in 
floating the tile, the level of 
the mortar coat would be 
^8 in below the level of the 
finished floor if tile in 
thick were used In order to 
bnng the mortar setting bed 
to the nght levei for laying 
the tile, use is made of screed 
strips and a screed as shown 
mfig 4,845 

The stnps as seen in the 
illustration rest on top of the 
concrete setting bed Since 
the top surface of these 
strips represent the level of 
the tile floor, their thickness 
should equal the distance 
between the level of the con- 
crete setting bed and the 
surface of the finished tile 
floor, and hence the necessity 
of leveling the surface of the 
concrete setting btxl 

The screed ur float is a 
straight edge cut away at the 
ends to a depth equal to the 
thickness of the tile less H 
in maigin for smkage due 
to packing down the mortar 
when tamping the tile in 
floating This relation is 
shown in the enlarged view 
figs 4,846 to 4,848. 
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For a very small room 
the mortar setting bed 
may be laid in one oper- 
ation, but for larger areas 
it should be done in sec- 
tions or “units,” as indi- 
cated in fig. 4,851. 

When the tile are all of 
the same kind the unit or 
section may be of any con- 
venient size, but for fig- 
ured or fancy work the 
design will fix the size of 
the unit. 

In setting the strips 
make a trial layout of a 
imit of the tiles as shown 
in fig. 4,851 which will 
give the proper spacing of 
the strips. 

After securing the strips 
in position the tile are re- 
moved so that the mortar 
may be placed for setting 
the unit. 

In fig. 4,851 note the margin 
left for border. With screed 
strips in position, dump in 
some mortar. 

It is distdbuted over the 
area bounded by the screed 
strips by,m<ans of a rectan- 
gular trowel ^uch as shown itk 
fig. 4.853 . 
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The distribution of the mortar to an approximate level 
surface is accomplished by three operations known as: 1, 
breaking down; 2, spreading; and 3, troweling, shown in the 
accompanying illustrations. 

After thus working the mortar to the approicimate surface it is leveled 
with the screed as shown in fig. 4,854. 



Fig. 4,851. — Unit method of olacing screed strips m laying tile over large areas, unit at a time. 


Unless the mortar setting bed be spread the same day, or a day after 
the concrete setting bed has been laid, the latter should be thorougWy 
saturated with clean fresh water before dusting with cement and spreading 
the mortar of the mortar setting bed. 


Setting the Tile.— Before laying tile, dry cement should be 
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Fig. 4,852. — ^Breaking down 



PRESS OOVVH 
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Fig. 4,853.— Spreading. 
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Fig 4,856 — Screed strips or gauge of finished floor surface placed on top of concrete setting 
bed. showing mortar setting bed and a few tile in place the top surface of the tile being 
flush with top of screed strips 


INITIAL POSITION OF TILE 
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dusted over the mortar setting bed to a thickness of about Vw 
in., and all tile except vitreous should be thoroughly soaked 
in clean water. Begin laying a row of tile against one of the 
screeded strips, and use a half tile when beginning the next 
row to get the proper lap. If the tile has been cut, place the 
uncut or smooth edge against the screed strip, the cut edge 
facing the opposite direction. Any tile requiring lateral adjust- 
ment after being placed should be moved by inserting the 
blade of the trowel. 



Figs. 4,858 and 4,859. — Beater and beating hammer. 


After filling up the space bounded by the screed strips with tile as in 
fig. 4,857, true up the joints by drawing the trowel along them as in fig. 4,861^ 

Beating In.— Fig. 4,857 shows the tile “set,” that is, simply 
laid on top the mortar bed. As previously explain^, the 
morteu: setting bed is leveled off in. higher than its final 
height to allow a margin for forcing the tile firmly on the mortar 
and packing the latter. 

As seen in the illustration, the tile after being placed on the mortar, that 
is in their initial position project in. above the top of the screed strips. 
They are brought down to their final position flush with the screed strips 
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by the process cf beatmg in, using a beater and beating hammer as shown 
in fig. 4,860. 


Since the tile do not touch each other but are separated by 
joints at least the thickness of the trowel blade, it is necessary 
before beating in, to lock the tile in position, to prevent them 



Fig. 4 , 860 . — Beating in. This is done with the beater and hammer manipulated as here shown. 
The process is similar to beating in type in a form. In beating in, move the beater gradually 
over the entire surface hammering wjlh the beater at the same tiaie. If a tile persist in stay- 
ing up or fall below the true surface, remove it with the pointing trowel and remove or insert 
moi tar respectively. 

shifting and spoiling the alignment of the joints, also to pre- 
serve the joint so that there will be room for grouting. 

The width of the tile joints (which should be considered when placing 
the screed strips) varies for different kinds of tile as follovts: 

Vitreous and semi-vitreous tiles Vii in. 

Float and hydraulic tile 5^6 
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Plastic tile and faience “in. 

Quarry tile “ 


To lock the tile in position, preliminary to beating in, 
scatter a handful of cement and fine sand mixed dry in equal 
quantities over the surface of the tile. Brush this into the 
joints, being careful not to displace any of the tile. This 



P 10. 4,861.— Trumg up or troweling the joints after setting the tile. 


mixture filling up the joints holds the tile 

are being embedded in the mortar setting bed by the beating 

in process. 

Rubbing uitb Be.ter.-After the tiles have ^ brought 
down to the true surface, they should be brought into thorough 
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contact with the mortar by rubbing with the beater so the 
mortar will properly adhere to the tile. This operation is 
l<nown as “getting the tiles workmg.” 


Cleaning or Mopping Up the Tile. — ^Before applying the 
straight edge test, the surface of the tile should be thoroughly 



Fig 4,862 — Cleaning or mopping up the tile after beating m The reason for this operation 
IS to prevent the straightedge being displaced by any bit of mortar or dirt thit may be 
clinging to the tile surface A spirit level may be used but the straightedge extending to 
the screed strips is preferable 

cleaned by drawing a piece of canton flannel or cotton blanket 
which has been saturated with clean water over the tile, as 
shown m fig. 4,862. The operation should be continued until 
the surface is clean. 

Straight Edge Test. — ^After mopping up, the surface is in 
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condition for testing for alignment with the straight edge. If 
the tile have been beaten in to the proper level, the straight 
edge will be in contact with the tile surface and both screed 
strips. Any high or low spots are at once detected by this 
test, which is made as in fig. 4,863. 


Grouting. — ^The operation of filling in the joints between 



Fig. 4,863. — Straight edge and spenr level tests for alignment of tile surface with the screed 
strips. In using the spent level, the faces of screed strips must be at the same elevation. 


the tile with cement is known as grouting. Preliminary to 
doing this, the materi£il previously placed in the joints to lock 
them in position while beating in must be removed. Remove 
this material with a whisk broom, stiff bristle brush or fine 
wire brush, thbroughly brushing out the material. The 





h WALL WALL H 

Fig 4,864 — ^Laying tile floor unit by unit and section After laying the first unit, cross strip is moved from position A, to position 
Ai,and Ai, for laying 2nd and 3rd units respectively After thus completing the first section screed strip B, is moved to 
position Bi, for the second section and so on until the entire floor area is covered, or in case of a IxM’der, the area withm the 
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grouting mortar should consist of 1 part Portland cement and 
2 parts sand. 

It is permissible, if desired, to temper the mortar with hydrated lime, 
in qaantity not more than 10% of the volume of the cement and sand. 
Make the consistency of the mixture that of soft butter. 

To apply the grout, pour it over the tile and work it thoroughly into the 
joints with a brush. After working in, scatter dry cement over the tiled 
surface and work joints flush by scraping with a straight edge board diag- 
onally across the surface. 

Clean surface by repeating the mopping up process and rub sawdust 
diagonally across the joint with the palm of the hand to remove the last 
traces of grout from the surface of the tile. 


Setting Jbe. Remaining Units. — Having completed the first 
unit as just described, remove one of the cross screed strips, 
and place in position at proper distance for setting the next 
unit as indicated in fig. 4,864. 


Laying Ceramic Mosaic Tile. — ^This kind of tile is only in. 
thick and less than 2J4 sq. in. in area. They usually come 
pasted in units on paper, that is, the individual tiles or tesserae 
are properly spaced and mounted on sheets of paper. Ceramic 
mosaic is the accepted collective term for these tiles and they 
£ire produced in a variety of sizes, shapes and colors. 

The border of a ceramic mosaic floor should be laid before 
the center in the following manner: place short screed strips at 
right angles to the walls of the room and level with the finished 
floor line. Surface of leveling coat or concrete should then be 
saturated thoroughly with clean water. Sprinkle dry cement 
over concrete to a thickness of about He in. — ^as shown in fig. 
4,865. 

With a trowel spread cement mortar between strips as evenly 
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as possible for a width slightly exceeding that of the border. 
Put a screed edgewise over strips and with a sawing motion 
distribute and smooth out the mortar till it is even with the 
strips. Sprinkle dry cement over the mortar to a thickness of 
about He in. Mark the inner edge of the border on the mortar 
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Fig 4,865 — Method of 1 lying Ceramic Mosaic tile 


with a chalk line. Remove the screed strips, fill grooves with 
cement mortar, and proceed with laying the border as desenbed 
below. 

Inner edge of border must be kept straight and all cutting of 
tile for irregularities in the wall line shall be done along the 
outer edge. Any cement mortar extending beyond the inner 
edge of the border shall be removed before hardening. 

Field of the floor and floors without borders should be laid as 
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follows: set screed strips across the room and level with the 
finished floor line. Thoroughly saturate the leveling coat or 
concrete with clean water. Sprinkle dry cement over concrete 
to a thickness of about He in. With a trowel spread cement 
mortar between screed strips as evenly as possible. Put a screed 
edgewise over strips and with a sawing motion distribute and 
smooth the mortar till the entire surface is true and even with 
the strips. The larger the area thus covered, the better, pro- 
vided the sheets of ceramic mosaic can be laid on it before the 
mortar reaches its initial set. Remove the screed strips and fill 
the grooves with cement mortar. Sprinkle dry cement over 
the mortar to a thickness of about He in. The sprinkling of 
dry cement shall not be done over the entire setting bed at one 
time, but shaU proceed with the laying of the sheets. 


Lay sheets of ceramic mosaic carefully on the mortar. Care must be 
taken to keep the joints between sheets the same general width as those 
between the mounted tile; the finished floor must not show where the 
sections join. In large areas of floor work, every third or fourth row of 
sheets shall be laid to a straight edge in order to avoid irregularities in the 
lines and design of the work. 

Beat the tile down until the mortar shows in the joints through the 
paper, however, without breaking the paper. The paper shall then be 
moistened, and when well soaked, removed by carefully pulling it off 
backwards, starting with a corner. After removing the paper, sprinkle the 
tile with a dry mixture of white sand and cement in equal parts before 
finishing the beating, so that the tile will not adhere to the beater. Cor- 
rections of surface shall then be made by leveling with block and hammer. 

Where the laying of the entire floor cannot be finished on the same day, 
the last row of ceramic mosaic including the cement mortar shall be cut 
off (to be replaced before laying is continued), leaving the finished part of 
the work with a clean beveled edge. 


Joints should be grouted with Portland cement mixed with water to the 
consistency of cream. Force the grout into the joints with a flat trowel or 
thin board (not with a broom which often scrapes out the joints). After 
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dry cement has been sprinkled on the floor remove all surplus of the grout 
with sawdust and excelsior or bagging. All ceramic mosaic laid on one day 
should be grouted not later than the following morning to insure a proper 
bond between the grouting and cement mortar 

Wall Tiles Placed on Studding. — When tiles are placed on 
studding, the studs should be framed 16 in. centers, thoroughly 
braced to prevent vibration and covered with expanded metal 
lath as shown in fig. 4,866. 



Fig. 4,866. — Metal latll placed on lath and forming a foundation for wall tile. 


Setting Wall Tile — For vertical work, the setting is done 
by one of two methods known as 

1. Floating. 

2. Buttering. 

These methods are described separately in the following 
sections. 

Floating Wall Tile. — Soak wood laths of about 30 ins. length 
in water and then place them as guide strips on the wall to be 
tiled by putting a small amount of cement mortar on one side 
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of the laths. Apply plumb rule, and tap the laths against 
scratch coat imtil they are perfectly plumb, as in fig. 4 , 867 . 
With a large brush thoroughly saturate scratch coat with clean 
water and then apply cement mortar with hawk and plastering 
trowel, bringing the coat of cement as nearly flush with laths 
as possible. Then use a float rod by placing it edgewise against 
the wood laths and “sawing” it from the bottom up until an 



Fig. 4,867. — Method of setting wall tile by floating. 


even coat results. Before placing tile on this coat, remove the 
wood lath guide strips and fill the grooves with cement mortar. 
Then mix a small quantity of pure cement, quite thinly, and 
apply a small amount on the back of each tile, place tile on the 
wall, and beat it carefully with block and hammer. Never 
rub face of tile with the block, since it will surely cause scratches. 
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Buttering Wall Tile. — ^After the base is set, wall shall be 
spotted about 30 ins. apart, with small pieces of tile (fastened 
with mortzir) which must be absolutely plumb with face of 
finished wall. 

These spots, as shown in fig. 4,868 are to act as guides to 
make the tile wall or wainscot perfectly plumb. With a large 
brush thoroughly saturate the scratch coat with clean water. 



ffic. 4*868. — Methcxi of setting wall tile by buttering. 


Apply a small amount of clear Portland cement cai the back 
of each tile. Spread the proper amount of cement mortar 
evenly on the back of each tile, place tile on the wall* and tamp 
gently until firmly united with the wzill and plumb with the 
spots, frequently using a w<x)den straight edge which reaches 
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from lower course of tile or base to all the spots. Any tile 
projecting beyond or receding from the straight edge shall be 
tamped or brought out as may be necessary to insure a plumb 
and straight wall. 

Every fourth course of tile shall be brought to a level and 
straight line by inserting small wooden wedges between the 



Fig. 4,869 — ^Buttering wall tile. 


joints. These wedges are to be removed after tile is set and 
before grouting is done. 

Doping. — In floating wall tile, what is termed doping should 
always be resorted to. After the cement mortar has been prop- 
erly spread, take clear cement mixed to a creamy consistency 
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and spread thinly over the cement mortar bed with the flat 
trowel, then apply the tile. 

It may have happened that the cement mortar bed, for some 
reason, has become soggy and inclined to sag. In this case 
use dry cement for doping, by dusting it evenly over the cement 
mortar bed. Another method of doping is by spreading the 
cement grout on a board, dipping into it the back of the tile, 
placing tile against the cement mortar bed, and beating in. 

After the tile are properly set in place, the tile setter must 
see that his assistant thoroughly cleans out all joints, in order 
that grouting can properly be applied after the wall has become 
hard enough, which is usually by the next morning. 

TerrajJzo Floors. — By definition a terrazzo floor is a floor 
made of small chips or marble set irregularly in concrete and 
polished. 

It is produced by laying mixtures of concrete containing 
marble chips or other aggregate of the desired color. 

By adding coloring pigments a matrix of almost any shade or 
color may be obtained. White cement should be used for light 
shades and where clarity of color is important. After the con- 
crete mixture has hardened for several days, tlie surface is 
ground and highly polished. 

It is customary to use brass strips or strips of other suitable 
material to sepzirate the colors of the desired pattern. These 
strips or separations also prevent cracks due to volumetric 
changes in the material. 

The terrazzo course may be bonded to the structural base 
slab or may be separated by means of a sand cushion inch 
thick and a layer of tarpaper. Structural cracks which occur 
in the base slab will not be transmitted to the terrazzo top 
course if this is separated from the base. 
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An underbed of 1:4 mortar, 2 inches thick, is placed and the 
dividing strips are inserted in the mortar in the desired pattern. 
When this has hardened sufficiently, the terrazzo mixtures con- 
sisting of one part of Portland cement and two parts of aggre- 
gate are applied. The floor is then rolled until thoroughly 
compacted and after hardening sufficiently it is ground and 
polished. 

The following specifications will be helpful in the preparation 
of aggregates and laying of terrazzo floors. 


Color Pigments. — ^These shall be commercially pure, natural 
or synthetic mineral oxides or other coloring materials manu- 
factured for^jse in Portland cement mixtures and proven satis- 
factory. ^rhe accompanying table may be used as a guide to 
the approximate quantities of high-grade pigments required for 
the colors and shades indicated. 


Mixtures. — ^The base for terrazzo finish shall be mixed in the 
proportions of one part of Portland cement to four parts of 
clean, coarse sand. The terrazzo mixture shall be in the pro- 
portions of 200 lbs. of aggregate to one sack of Portland cement 
with not more than four gallons of water and the proper 
amount of pigment to produce the approved color. The 
cement and pigment shall be mixed dry to a uniform color 
before adding the other materials. 

The terrazzo mixture shall be of the driest consistency pos- 
sible to work into place with a sawing motion of the strike-off 
board or straightedge. Changes in consistency ^all be ob- 
tained by changes in the proportions of aggregate and cement. 
In no case shall the specified amount of mixing water be 
exceeded. 
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PIGMENTS FOR COLORED CONCRETE FLOOR FINISH 


Color 

desired 

Commercial names of 
cMilors for use with 

Approximate 
quantities 
reqiiired — ^Ib. per 
bag of cement 


cement 

Light 

Shade 

Medium 

shade 

Greys, 

Germantown lampblack* 


■■ 

blue-black 
and black 

or carbon black* or 
black oxide of man- 

H 

■1 


ganese* 

1 

2 


or mineral black 

1 

2 

Blue 

Ultramarine blue 

5 

9 

Brownish red 
to dull 




brick red 

Red oxide of iron 

5 

9 

Bright red to 




vermilion 

Mineral turkey red 

5 

9 

Red sand- 
stone to 




purplish 




red 

Indian red 

5 

9 

Brown to 
reddish- | 




brown 

Metallic brown (oxide) 

5 

9 

Buff, colonial ' 




tint and 

Yellow ochre or 

5 

9 

yellow 

yellow oxide 

2 

4 

Green 

Chromium oxide or 
greenish blue ultra- 
marine 

5 

6 

9 


•Only first-quality lampblack should be used. Carbon black 
is light in weight and requires very thorough mixing. Black oxide 
or mineral black is probably most advantageous for general use. 
For black use 11 lb. of oxide for each bag of cement. 
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Placing.— (Mef/tod I— BONDED FINISH )— surface 
of the structural base slab shall be cleaned of all plaster 
and other materials that would interfere with the bond and 
shall be thoroughly wetted. It shall be slushed with a neat 
cement grout thoroughly broomed into the surface . The under- 
bed shall then be spread uniformly and brought to a level not 
less than inch nor more than % inch below the finished floor. 

Method 11— BROKEN BOND FINISH.— The surface 
of the structural base slab shall be covered with a uniform layer 
of fine sand inch thick, and covered with an approved tar' 
paper overlapping at least 2 inches at all edges. The underbed 
shall then be spread uniformly and brought to a level not less 
than yi iijrh nor more than ^ inch below the finished floor. 

While the underbed is in a semi-plastic state, the dividing 
strips shall be installed to conform to the designs shown on the 
drawings. The top of the strips shall be at least inch above 
the finished level of the floor. 

The terrazzo mix shall then be placed in the spaces formed by 
the dividing strips and rolled into a compact mass by means of 
heavy rollers, adding aggregate if necessary so that the finished 
surface shall show a minimum of 70 per cent aggregate. Im- 
mediately after rolling, the surface shall be floated and troweled 
to an even surface disclosing the lines of the strips on a level 
with the terrazzo filling. 

Caring and Protection. — ^All freshly placed concrete shall 
be protected from the elements and from all defacements due 
to building operations. As soon as the concrete has hardened 
sufficiently to prevent damage thereby, it shall be covered with 
at least 1 inch of wet sand or other covering satisfactory to the 
architect, and shall be kept continually wet by sprinkling with 
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water for at least 7 days when using standard Portland cement 
and for at least 3 days when usir^ high early strength Portland 
cement. 

The temperature of the concrete at time of placing shall be 
above 70“ F. and it shall be maintained above 70“ F. for at 
least 3 days or above 50“ F. for at least 5 days when using 
standzud Portland cement and above 70“ F. for at least 2 days 
or above 50“ F. for at least 3 days when using standard high 
early strength Portland cement. 

Surfacing. — ^When the terrazzo concrete has hardened enough 
to prevent dislodgment of aggregate particles, it shall be ma- 
chine rubbed, using No. 24 grit abrasive stones for the initial 
rubbing and No. 80 grit abrasive stones for the second rubbing. 
The floor shall be kept wet during the rubbing process. All 
material ground off shall be removed by squeegeeing and flush- 
ing with water. 

A grout of Portland cement, pigment and water of the same 
kind and color as the matrix shall be applied to the surface, 
filling all voids. In not less than 72 hours after grouting, the 
grouting coat shall be removed and the surface polished to a 
satisfactory finish by machines using stones not coarser than 
No. 80 grit. 

Cleaning. — ^After removing all loose material, the finidi shall 
be scrubbed with warm water and soft soap and then mopped 
dry. 
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CHAPTER 85A 

*Basic Specification for 
Tiie Work 

The basic specification gives in detlail the specifications lor tile installations in connection with prac 
cically every type of construction This is a composite specification that will cover tile installations 
in a small residence or a large ofRce building. For example, certain paragraphs deal with the installa' 
tion of tile on old wood construction These paragraphs have no bearing on the procedure of 
installing tile in a modem steel and concrete office building A basic specification should cover all 
conditions encountered and that v what has been attempted in the foUowmg sections 


NOTES TO ARCHITECTS 

This speahcation is written on the hypothesis that the tile contract will be awarded as a subcontraa 
between the tile contractor and the general contractor 

It 16 impossible to'wnte a specification covering all types of work in all sections of the country without 
leaving some questions to be decided on by the architect Methods and practices vary in various 
sections, and different architects prefer difierent methods of accomplishing the same result. Section 
Vll IS intended to provide the architect with a checking list of the items not covered in the specifica- 
cion or on which the architect's decision is required 

In writing a specification for a particular job. it is suggested that the sin^e paragraph under Section 
VI be used and immediately followed by such modifications as the architect may find necessary after 
reading over the checking Lst 

The first item to be covered in the actual speafication is the schedulmg of areas to be tiled, together 
with a description of the types and kinds of tile and accessories This item is not covered in this 
specification and is. therefore, first to assure attention of the architect The short form in Section VI. 
together with the modifications listed m Section VII, is all that is needed in the specification 

For spccificational data on tile work for swimming pools, subways, ninncis, etc., the architect is asked 
to call or write the office of the Tile Manufacturers' Association 


NOTES TO TILE CONTRACTOR 

The basic speafication makes no mention of such items as scafiolds, hoists, water telephone, watch* 
man, temporary heat, and light, storage. plaster<9atching, insurance, or of genera) cleaning as distuir 
guished from the iniual cleaning of die work 

*NOTE. — The Basic Specification for Ttle Work is issued as a guide to Architecls, Cunir actors 
andBMlders by the TILE MANUFACTURERS’ ASSOCIATION. INC- 
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Sampltt 

(5) If 60 required, representative samples of each kind and type of tiles as specified and proposed 
for use shall be submitted by the contractor to the architect for approval, before proceeding 
With the work The approval of samples shall not be considered as modifying the requirements 
of these specifications, nor as relieving the contractor of his responsibihty 

(6) Each sample shall be plainly marked with the name of the manufacturer and the number and 
type of the tile Approved samples ahall be retained by both the architect and the tile contractor 

Grade 

(7) All tile shall be of domestic manufacture and shall be STANDARD GRADE Where applicable. 
U S Department of Ckimmerce Simplified Recommendation R 61 30 shall govern 

(8) Alt grades of tile, other than STANDARD GRADE, proposed for use under this specification 
dust be so specified by the architect 

Minimum Requirements 

(9) The minimum requirements, qualifications, standards of performance tests, and other standards 
relating to a particular bnd or type of tile, or the grading of such tile, shall be m accordance 
with such mmimum standards or revisions thereof as may be adopted by the tile industry 

Certificate of Grade 

( 10) Before proceeding with the tilework, the tile contractor shall furnish the architect with a ccrtifi 
cate of grade in the form adopted by The Tile Manufacturers Association, Inc This certificate 
of grade shill be signed both by the manufacturer aid the tfle contractor certifying to the grade 
type, and quantity of tfie, together with adequate mformation for identification of the containers 
to which they apply 

Containers 

(11) All tile shall be brought to the work in the original unopened containers branded or labeled with 
the proper grade seal All containers shall be masked with designations corresponding with the 
information given on the grade certificates The containers shall be subject to mspcction by the 
architect before being opened, as well as during the progress of the ^rk 


Section III 

MATERIALS 

General 

(1) All materials used in the tilework shall be of an acceptable grade and quality and of domestic 
manufacture Cements and hydrated bme shall be delivered m the original containers, bearing the 
brand and manufacturer s name, and shall be stored in a dry place 

Cement 

(2) a All Pordand cement (mdudmg white Portland cement and waterproofed Portland cement) 

shall be in accordance with A S T M Standard Specifications, Serial DeS^ation 09 38 or 
U S Government Federal Specifications, Symbol SS'0191'a, with all subsequent revisions therein. 
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b All High Early Strength Portland cement shafl be in accordance with the A STi4. Specifics 
tions. Senal Designation 074*38, with all subsequent revisiona therein 

c All masonry cement shall be in accordance with the A STM Tentative Speaficationa, Senal 
Designation C 91'38T or the U S Government Federal Specifications Symbol SSOlSl'b, with 
all subsequent revisions thereia 

Um« 

( 3) a All lime shall be of the high calaum type Dobmitic or high magnesium limes shall not be per 

mittcd Putty shall be prepared in accordance with A S T M Speafications. Senal Designation 
C 5 26. with all subsequent revisions therein 

b All hydrated lime shall be in accordance with the A S T M Tentative Specifications, Senal 
ignation C 6 34T, or the U S Government Federal Specifications, Symbol SS'L'SSl, with all 
subsequent revisions therein All quicklime shall be in accordance with the A S T M Tentative 
Specifications, Serial Designation C 5'34T, or the U S Government Federal Speafications, 
Symbol SSQ341 with all subsequent revisions therein 

Waf«rproofin9 

(4) All integral and metallic waterproofing material shall be of a quality and type approved by the 
architect 

Sand 

(5) a All sand shall be free from silt, loam, clay, soluble salts, or organic impurities, and be tn accord^ 

ance with A S T M Standard Specifications, Serial Designation C 40 33 

b All sand shall consist of clean, washed, sharp, durable, uncoated aggregate free from all dele^ 
tenous substances It shall be uniformly graded from coarse to fine with 100% passing through 
a No 4 mesh screen and not more than 5% passmg through a lOO^mesh screen. 

c Sand for pointing mortars shall he in accordance with Paragraphs a and b exceptmg that 100% 
shall piss through a 30 mesh screen, and be uniformly graded from coarse to fine, with not mOie 
than 5% passing through a 100 mesh screen 

Crushed Stone and Gravel 

(6) Crushed stone and gravel for concrete fill shall be composed of dean, washed, sharp, durable, 
uncoated aggregate It shall be well graded from fine to coarse within the limits of 1/4" tt> 
r nng size and contain not more than 5% of fine day, loam, or aggregate 

Water 

(7) All water used in conjunction with the tilework shall be clean, free from mjunous amounts of 
oil soluble salts, chemicals etc 

Proportioning of Mortar Materials 

(8) All materials for mortars should be carefuU measured tn tbeir proper proportions, preferably 
on the volume basis 
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Preparation ol Mertan 

(9) Cement, lime, and aggregate diall be thoroughly mixed m the proportion hereinafter speafied, 
to uniform color and required oonautency Mortar rhall not be retempered Tile sholl not be set 
in mortar that has reached its initial set. All mortars shall be used only on the day mixed 

Mafal Lafh 

(10) a Metal lath shall be of the expanded type fabricated from sheet steel coated or cut from galvan 

used sheets, or fabricated from perforated metal, or shall be coated or galvanized wire lath 
Paper or fabric backed lath may be used provided half the strands of met^ arc imbedded in the 
mortar Metal lath shall provide continuous reinforcement in at least two directions transvetne 
to each other 

b Lath on vertical surfaces, where supports are not over 16 on centers shall be metal lath weigh' 
mg not less than 3 4 lbs per sq yd , or wire lath not less than No 18 gauge ( 047 diameter) 
lYi medi to the inch Ribbed lath of the aforegoing weights shall be used on ceiLngs and on 
vertical surfaces when attached to steel studs and when the supports are not over 16' on 
center Flat lath shall not be used on ceilings or on vertical surfaces when the supports are over 
12" on center 

C Lath on vertical surfaces, where supports are placed not over 12' on centers, shall be metal lath 
weighmg not less than 3 lbs per sq yd , or wire lath /loc less than No 20 gauge ( 035 ' diani 
etcr), lYi mesh to the meb 

4 Vertical jomts m lath shall be made at structural supports, and shall lap Yi inch at sides and 
1 mch at ends of sheets, and shall be extended to the next adjoining supports at all corners No 
nailing shall occur at vertical internal comers Rjb lath shall be nested at V nbs, and sheet lath 
shall have an equivalent lap 

e Over oIJ wood plaster walls, or other wall finishes the lath shall be welded wire mesh 2 x2" 
#14 gauge, expanded metal or metal lath, weighing not less than 3 4 lbs per square yard 

Shnnkaqo Meih 

(U) a Shrinkage mesh for mortar setting beds shall be in accordan».e with^Paragraph (10)e 

b Shrinkage mesh where specified herein for use in concrete fill shall be 1 8# or 3 6# painted or 
unpaintcd expanded metal reinforcing, or wire fabric main members of which shall extend at 
right angles to*the principal rib reinforcement and shall be spaced not more than four inches 
(4 ) center to center The cross members of the wire mesh shall be spaced not more than eight 
mches (8'*) center to center The sizes of all members m the wire mesh shall be not less than 

ForJ<-bs2 orle fhV - No 10 W & M* gaugo ( 135 ) 

- IVi thek 9 (148) 

" 3 tJ ck _ _ 8 (162') 

• 3^2 Ihck 7 (177) 

* Wathbu n S Mo«n Gauga • w lno«A si Am«r can S tal ( W c Cauga 

BulMlnq Fdpar 

(12) Building paper shall be cither asphalt saturated paper weighing not less than fifteen (15) lbs. 
per 100 sq ft or shall consist of two sheets of sulphate kraft paper testing not less than 30 Ibs. 
each (Mullen Test) cemented together with a layer of asphaltum, the completed sheet to weigh 
not less than lU/z ^00 sq ft 
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Seefion IV 

INSTALLATION 

Proporofory Work. Now Constroetloa 

(O All grounds, door bucks, plugs, radiator hangers, plumbing, and other fixtures and fittings shall 
be m place, and all pipe trenches and chases or other openings in floor or walls shall be properly 
closed by others before the tile contractor proceeds the preparation of walls and flrars and 
the application of mortar for the tilework. 

VIRTICAL SUMACn 


Wood Studding or Purred Construetloo 

(2) a. Lath shall be stretched tight and shall be secured at all bearings with fastenings not more than 

seven inches apart, as follows: not less than one mcb staple or one sixpenny wire nail dnven to 
a penetration of at least three^fourths mcb before bolding over In dnvmg staples or nails, the 
lath shall not be flattened or damaged. 

b. In shower oompartments waterproof paper flaabmg shall be placed upon the wood studs at aD 
interior angles, earned around the iambs and curb at door openmgs, and overlap the lead pan. 

c. At all extmor a stnp of waterproof paper shall be earned the height of the wainscot and 
returned at least four mches on the face of the studs. 

d The architect shall indicate to the tile contractor the approximate location of all built'in accc» 
series, prior to the placing of the scratch coat 

Masonry Construction 

(3) a New unfurred surfaces of conaete or other masonry construction shall have been brought to the 

required plane, reasonably straight and true, by other contractors, with toe faces free of finst 
excessive voids, or projecting jomts, and left fairly rough, 
b All masonry construction shall be thoroughly cleaned and moistened directly before the scratch 
coat is applied 

Gypsum Blocks. Cork or Other Insulation 

( 4 ) Furnish and place over the surface a layer of building paper; this m turn to be oveilaiH with 
stiflened expanded metal or sheet lath, or stif ened with lath as described in Section 111, Pa'^grapb 
10. the lath to be secured tp the gypsum block or other surfaces by special lacing, as conditions 
require, or in lieu thereof free standing metal fining may be used. 

HORIZONTAL SURPACIS 

Wood Construction 

(5) a. Where tile floors arc to be laid over new wood floors, a layer of building paper, m acoordanoe 

with Section III. Paragraph 12, shall be placed, properly lapped, and nailed 
b When specified by the architect snnnkage mesh in Section III. Paragraph 1 1, shall be placed over 
the building paper This mesh shalliie securely fastened m place, lapped and earned to all in' 
tcmal angks but shaU not be turned up at the edges. 
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ConenH or Other Masonry Contfmefien 

(6) The e)cjx)sed surfaces of masonry floor slabs, arches, or other structural work shall be brought 
to the required level for the concrete fill or mortar setting beds by other contractors, and shall be 
free from mortar droppings, depressions, cracks, holes or joints When the mortar setung bed is 
to be applied directly upon a steel troweled or smooth concrete floot, the surface shall be hacked 
to provide a suitable bond 

Stool Joist Construction or Pressed Steel Floor Systems 

(7) With steel joist or pressed steel floor construction, the metal reinforcement and concrete slabs 
will be furnished and placed by other contractors as a part of such systems Mortar setting beds 
only shall be provided by the tile contractor and shall be placed directly on the concrete slab 

Preporotof7 Work, Alterafions 

(8) All grounds, door bucks, plugs, radiator hangers, plumbing fixtures and fittings shall be in place, 
and all pipe chases or trenches or other openings m floors or walls shall be properly closed by 
others before the tile contractor proceeds with the preparation of walls and floors and the 
application of mortar for the tile work 

VERTICAL SURFACES 

Wood Studding or Furred Construction 

(9) a The requirements in Paragraph 2 shall apply to this class of work 

b All vertical surfaces shall be plumbed and placed in satisfactory condition by others, to receive 
the specified wall finish 

Masonry Construction 

(10) a Old surfaces of concrete, brickwork, or stone, when specified to be removed by others, shall have 

been hacked, roughened, or scored to provide a satisfactory bonding for the scratch coats 

b New unfurred surfaces of concrete or other masonry construction shall have been brought to 
the required plane reasonably straight and true, by other contractdnSii with the faces free of fins, 
excessive voids, or projecting joints, and left fairly rough 
c AU masonry construction shall be thoroughly cleaned and moistened directly before the scratch 
coat IS applied ' 

gypsum Blocks, Cork or Other Insulation 

(11) The same requirements to be found in this section. Paragraph 4 shall apply to dua work 

HORIZONTAL SURFACES 

Wood Construction 

(12) a Where tile floors are to be laid over existing wood floors, the tile contractor shall cover the 

existing wood upper floor or under floor with paper in accordance with Section III, Paragraph 
12, properly lapped and nailed 

b When specified by the architect, shrinkage mesh in Section III, Paragraph 11, shall be placed 
upon the surface to be tiled This mesh shall be securely fastened in place, lapped and canned 
fo all mtemal angles, but shall not be turned up at the edges 
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Concivtt or Ofhor Masonry Construction 

(13) 9^ When required, existing cerrazzo, cement, marble, or other type of floors shall be removed by 

others. The sub floor shall be left clean and properly roughened to receive the mortar setting bed 

b. When speafied by the architect, shrinkage mesh in Section III, Paragraph 11. shall be placed 
upon the surface to be tiled This mesh shall be lapped and carried to all internal angles but 
shall not be turned up at the edges 

Stoof Joist Construction or Proisod Steel Floor Systems 

( 1 4) The same requirements to be found in this secuon. Paragraph 7. shall apply to this dam of work. 

Setting Beds and Installotian of Tile 

VERTICAL SURFACES 


Scratch Coat 

The total tliici^ness of mortar, betweert the lath or stib'walh and tile, tnclttdtug scratch coat, 
plumb coat, and setting bed shall not exceed I V4 niches. 

(15) a The scratch coat as described herein shall be applied upon the metal lath or other properly 
prepared subwalls, or other vertical surfaces to be tiled, by the tile contractor or by others 

b The scratchhjuai mortar shall be in accordance with the Schedule of Mortar in Section V 

c The scratch coat shall be at least 1/4" thick or more, if necessary, to make an even and trut 
surface at the proper distance from the face of the tiles The scTat(,h coat, at the option of the 
contractor, may be applied in two coats instead of one. While sail plasuc the scratch coat shall 
be deeply scored or scratched. 

d The scratch coat shall be applied not less than 24 hours, nor more chan 48 hours, before com’ 
menang to sec the tiles 

Plumb or Straightening-up Cost 

This plumb or straightenwg'up coat may be omitted when walls have been properly straightened 
m the application of the scratch coat 

06) a The plumb coat or •straightening up coat shall be at Ica^t 1/4" thick or more if necessary to make 
an even and true surface at the proper distance from the face of the tile 

b The mortar for the plumb or straightening up coat shall be in accordance with the Schedule of 
Mortar in Section V The exact proportions of the plumb coat mortar shall be govcimd by the 
type materials and conditions of the in<!tallation. 

c The scratch coat shall be thoroughly moistened with clean fresh water immcdidtcly prior to 
applying the plumb coat. 

d When tfles are set bv the floating method screeds or temporary guide strips shall be mortared 
plumb and true onto the scratch coat to indicate accurately the surface plane of the plumb and 
straightening up coat 

€ The plumb or straighteningAip coat shall be applied only in such quantity that will be covered with 
die, not later than the day following, and shall btrodded and floated flush with the guide etnpa 
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flMfing of AppKeofion 

(17) t. The plumb coat or scratch coat shall be properly cooistened before applying mortar lettmg bed. 
b. The float com mortar shall be as specified in the mortar schedule in Section V. The eiact propor* 

tions of the tl|oac coat mortar shall be governed by the type of materials and conditions of the 
installation. It shall be applied only in such quantiues as can be covered with tiles before the 
initial set of the mortar. 

luHering Method of AppKeetlon 

(18) a. The scratch coat shall be properly moistened prior to the installation. 

b. The mortar used m the buttering method of appbcation shall be as speafied in the mortar schedule. 
Section V. The exact propoitioni shall be governed by the type of iqatenals and conditions of 
the installation. The scrat^ coat shall be spotted with small pieces of 'hie mortared in place to 
indicate accurately the plane of the tile wall when finished. 

Floating Method 

( 19) After the mortar setting bed has been floated flush with the guide strips, a skim of neat Portland 
cement shall be troweled to the mortar setting bed, or to the back of each tile unit, immediately 
before the tiles are placed. 

Buttering Method 

(20) Each tile shall be buttered with the setting mortar tamped m place and brought to a plumb and 
true surface flush with the spot and other tile. The back of each tile shall be covered with mortar 
to make the bed full and even. 

General Requirements 

(21) Vertical units and joints together with all caps, bases, and mouldmgs, shall be maintained plumb, 
level and even. Every fourth Course or every sheet of mounted tile shall be brought to a level 
and straight line. All strmg and wedges used for jointing and spacing of the tiles shall be 
removed prior to grouting. 

(22) All ca{>s, bases, cove^mouldings, or other trim tiles shall be backed, full with mortar. 

(23) As soon as the mortar settmg bed has suffiaendy hardened, the tile on walls or other vertical 
Surfaces shall be well washed with dean water pnor to grouting. 

(24) Where setting sheets of ceramic mosaic tiles, fill the jomts with a moist filler of one part cement 
and one part sand. Then brush or trowel, upon back of each sheet a thin coat of neat cement paste. 

(23) Where setting quarry tiles a butter coat of neat cement shall be applied to the back of each 

tile as laid. For tiles with a deep nbbed back, this butter coat shall be mixed m the proportion 
of one part of cement to two parts of fine sand. 

(26) All tiles shall be firmly secured in place and beaten in widi all finished surfiipcs brought to true 
and level planes. The completed work shall be free from cracked, broken or damaged tiles. 

NOBIZONTAL Stf tPACIS 

Mortar Sotting Bods 

(27) 0. Before the mortar aetting bed is spread, the concrete or masonry ahall hi thoroughly deaaedL 
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oiaking fuic omc ii free from diut or dirt aecumtdetiQn, and ahall be thorougldy wjili 

dean, freih water AH cioem water ahall be removed. 

b The mortar aettmg bed ahall be aa specified in the mortar schedule in Section V Mortar 
beds properly bonded to masonry aub'floora or reinforced with shrinkage mesh over concrete 
or wood aulyfloora ahaU not be less than ^ inches in thickness. Mortar setting beds apph'ed over 
wood sulvfloors or concrete fill without the use of shrinkage mesb shall not be less than IV^ 
inches in thickness. 

c. The mortar shall be spread or acreeded until the surface is true and even in plane, either levded 
or uniformly sloped for drainage, as the case may be. As large an area as can be covered with 
tile before the mortar has reached its initial set shall be placed at one operation. When mpre 
setting mortar has been spread than can be thus covered, the unfinished portion shall be cut back 
to a clean beveled edge and removed. 

Sotting Floor Tifo 

(28) a. A hght coating of Portland cement shall he uniformly hand'dusted or troweled over the su^ 

faces of the mortar setting bed immediately preceding the setting of the tile. The setting bed 
shall be sufiiaently plastic to wet properly die cement dust, but pools or excess water shall be 
avoided. Setting beds that have partially hardened shall not be softened with additional water 
The tile shall be placed upon and beaten mto the morihr until true and even with the finished 
floor lines. 

b. The tiles or^^trfniK mosaic sheets diaH be laid to a straight edge at regular interval! 

c. Wherever borders or defined lines occur, they shall be laid before the field bodies of the floott 
or spaces to f)e tiled, and the tiles shall be^ as before specified. The inner edges of all borders 
against fields or bodies shall be kept straight, and any cutting of tiles for irregularities in wall Unes 
or vertical pl^es shall be done along the outer edges. 

d. All surfaces not intended to be level shall be sloped as de^ed or directed. 

e. Tile nosing, coVes, curbings, gutters, or other moulded or shaped pie^ shall 1^ thoroughly baAed 
up with mortar. They shali be rigidly placed, reinforced, or otherwise made firm and secure. 

f. The filler or spacing materia] m the joints shall be composed of one part Portland cement and 
not more than one part sand. As soon as the cement mortar beds have sufficiently set. die tiki 
on floors or' other horizontal surfaces shall be washed with clean water and the joints betweet 
the tile grouted or pointed as speafied m Paragraphs 32 to 34 of this section. 

g. Joints between the tile units shall be in accordance with Paragraphs 29 to 31 of this seeixm. 

OINCRAL PROVISIONS 

Joints of Tile 

(29) The joints between all units of ceramic mosaic and between the abutting sheets, as laid, shall 
maintain the standard mounting width. 

Width of Joints 

(30) Unless otherwise shown, specified, or stipulated in order to secure some special effea, the joints 
of other than ceramic mosaic tiles shall come within the limitations as scheduled beloY^, with 
reasonable variations therefrom, as may be desired to cause the units, in the hands of skilled 
workers, to accommodate themselves to given spaces. 
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Scli«diil« of Widfhi of Jointi for Tilt 

(M) 


Mounted — 2 3/t6" square or «"*****> 

Mounted^ovor 2-3/16 itgtiuMi ^ 

Unmounted — 2-3/16* square to 4-1/4" square unglazed 

Unmounted— 6" i 6" & over unglazed._ — 

^arry tile, unmounted > - - . 

Glazed tile— 3 * x 3 * 4 1/4' « 4 1/4 i 6“ i 3 

Glazed tile— 6" x 6 9* x 6" & 12" x 6“--^ 

Faience Tile— ell «■»««« -- 


WIDTH OF JOINTS 
fW WeR 

1/16" to 1/4" 1/16" to 1/4*' 

1/16" to 1/4" 1/16" to 1/4" 

1/8" to 1/4" 1/8" to 3/16" 

1/4" to 3/8" 3/16" to 1/4" 

1/4" to 1/2" 1/4" to 1/2" 

1/16" 

1/16" to 1/8" 
1/8" to 1/2" 1/8" to 1/2" 


Grouting and Pointing of Tilo 

(32) Mortar for grouting and pointing shall be as speahed in Section V 

(33) Grouting and colored mortars when specified or indicated, shall be prepared with non^fading 
mineral oxides used in quantities recommended by the manufacturer 

(34) Jhe grout or mortar for pointing all tile shall be forced into the jomts by troweling, or some 
suitable method, and finished flush and true. When groutmg glazed wall tile, special care shall 
be taken to prevent the scratching of the glaze All surplus grout or mortar shall he removed, 
before it has set or hardened, and the face of the tile left clean In the grouting of cushion edge 
tile, special care shall be exercised to remove any surplus cement by carefully wiping out joints 
bodi toriaontally and vertically to the required depth 

Accessories 

(35) The furnishing and settmg of accessories such as recessed heaters, paper holders, soap holders, 
towel racks, shelves, etc , are specified or scheduled as a part of the tile contract and listed in 
detail They shall be furnished and set by the tile contractor. 

Berdors and Patterns 

(36) Where borders, lines, patterns, panels, or other effects arc a part of the work, the tiles shall be 
properly spaced and shall accurately reproduce designs shown on the drawings or effects described 
m the specification of the architect. 

edges 

(37) All intersections and returns shall be perfectly formed All cutting and dniling shall be neatly 
done without marring the tile The cut edge of tile^ againbt any tnm. finish, built in fixtures, etc , 
shall be carefully ground and jointed ' Around electric outlets, plumbing pipes, or fixtures and 
fittings, tile shall fit close, so that plates, collars or coverings will overlap the tile. No split tile 
will be permitted, except in those loations where pipes or trim make cutting necessary 

Laying Out 

(38) All tile work shall be so laid out on floors and lengthwise on v-alb that no tiles less than half full 
size shall occur For heights stated m feet and mches, unless tile work is intended to fill exactly 
vertical spaces, courses shall be maintained full to produce nearest attainable height within a 
vanation above or below equivalent to less than onc'half course to avoid cutting of tiles which 
would otherwise be necessary. 
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Soaking Before L«ylng 

(39) All tile except non^absorbent tiles and those mounted on paper shall be thoroughly b 
clean water before being set. 

Til« Packages Kept Dry 

(40) All tiles shall be kept dry while in padtages. 

In Freezing Weather 

(41) In freezing weather no tile work shall be executed. 

Removal of Condemned Tile 

(42) Prior to the final acttptance of the tilework, the tile contractor «hal1, at his own expense, remove 
and replace all condemned tiles, except those damaged by others. 

Cleaning 

(43) a. Upon completion of the various portions of his work, the tile contractor shall remove all unused 

materials, rubbish, etc., that have accumulated as a result of his work. 

b. After the pomting has suffiaently set or hardened, all tile on walls and vertical surfaces, or 
floors and horizontal surfaces, shall be thoroughly cleaned in an approved manner. All traces of 
cement or dust accumulations shall be completely removed. In cases where aad solutions are 
required to clean the face of the finished tilework of surplus grouting or mortar used for pointing, 
all expose^hai^iixvare shall be first covered by a heavy coating of vaseline to protect the metal from 
the possible effects of the acid or its fumes. Add solution shall not be used for cleaning glazed tile. 

c. The tile contractor shall give the tilework one thorough cleaning when so instructed by the 
general contractor or architect. After completion and cleaning the obligation of the tile contractor 
•hall cease as to any damage or injury which may be done to the tilework by others, and as to 
any further cleanmg of the tilework upon final completion of the building as a whole. 

Rsspendbilify 

(44) Neither the final cleaning, payment, nor any provision in the Basic Speafication shall relieve the 
tile contractor of responsibility for faulty materials or workmanship, and be shall remedy any 
defects due thereto which shall appear within a period of one year from the date of acceptance 
of the tilework, except those defects due to failure in ^e substructure. 


Section V 

MORTAR MIXTURES 

of matorials In ports by volumo) 

Wall lutfallafloafl 

Scratch Coct 

(1) Scratch coat shall be one (1) part Portland cement, and three (3) parts sand. 

(2) OmoNAi/— Waterproofed Portland cement or not more than one'fourth (V^) part lime putty 
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or one'fourth ( 14 ) part waterproofed lime putty or integral waterproofing compounds (in pn>' 
portions recommended }pi manufacturer) may be incorporated in the scratch coat mortar 

Plumb or StralghtmIngHip Coat 

(3) The plumb or straighteningnip coat mortar shall be one ( I ) part Portland cement, one^half (V^) 
to one (1) part lime putty, and three (3) Jo four (4) parts sand. 

Boat Coat or ButtorIng Mortar 

(4) The float coat or buttering mortar shall be one (1) part Portland' cement, onc'half (I/ 2 ) to one 
(1) part lime putty, and three (3) to four (4) parts sand. 

(5) Optional — Waterproofed Portland cement, or waterproofed lime putty, or integral water* 
proofing compounds (used in proportions recommended by manufacturer) may be incorporated 
m the float coat or buttering mortar 

SUm Coat 

(6) The skim coat shall be neat Portland cement, mixed with dean fresh water 

(7) Optional — Waterproofed Portland cement, lime putty, or integral waterproofing compounds 
(used in proportions recommended by manufacturer) may be incorporated in the skim coat. 

Grouting 

(8) Grouting for all jomts onc^ighth inch (1/8**) or smaller in width shall be neat waterproofed 
Portland cement, a mixture of neat Portland cement and lime pulty, or a mixture of neat Portland 
cement and integral waterproofing compounds (used in proportions recommended by manufac* 
Curer) Either white or gray Portland cement may be used. The grout shall be mixed with dean 
fresh water to the consistency of thick cream. 

Pointing Mortars 

(9) Pointing mortar for all joints (1/8" to 1/4") or smaller m width shall be one (1) part water* 
proofed Portland cement and one (1) part sand. Portland cement to which has been added 
integral waterproofing compounds (used in proportions recommended by manufacturers) or lime 
putty may be substituted for the waterproofed Portland cement. ^ 

(10) Pointing mortar for all joints greater than 1/4" in width shall be one (1) part Portland cement 
and two (2) parts sand. Portland cement to which has been added integral waterproofing com* 
pounds (used ‘in proportions recommended by manufacturer) or lime putty may be substituted 
for the waterproofed Portland cement. 

Floor Insfollotfons 

Suiting Bud 

(11) Setting bed mortar shall be one (1) part Portland cement and three (3) to four (4) parts sand. 

(12) Optional — Waterproofed Portland cement or not more than onedourth (Vi) part lime putty 
or one*fourth (Vi) part waterproofed bmc putty or mtegral waterproofing compounds (used in 
proportions recommended by manufacturer) may be incorporated in the setting bed mortar 

Grouting and Pointing 

(13) Grouting and pointing mortars shaD be in accordance with P^grapbs 8. 9^ and 10. 
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Section VT 

SHORT FORM SPECIFICATION 

Where the installation is to be in full accordance with the Basic Specification, without samples or tintfiout 
modification. 

Furnish all matenals and labor necessary for the completion of the tilework. The Basic Specification for 
Tilewo'-k, Fourth Edition. 1939, as issued by the Tile Manufacturers' Association. Inc, insofar as any 
portion is applicable to this building, is hereby made a part of this specification and of the conuact 

The kinds of tile and acce^ries and the extent of tilework shall be in accordance with the schedule as 
shown on the plans. 

Note 

1 Should the Architect desire to modify this paragraph the following sentence should be added^**Tbk 
Specification shall be modified as follows'* — (See Action VII) 

2 Include any reference to other matenals or labor furnished by the tile contractor as the Basic Speoh 
fication IS confined to tilework only 


Section Vil 

MODIFICATIONS OR ADDITIONS 

Modiflcotlons 

Typos and Location of Tila 

(1) A schedule of the types and kinds of tilework and accessories, with the locations to be tiled, 
should be provided ather in this specification or on the plans If the schedule is to be in the 
specification, it should follow at this point If the schedule is on the plans, a paragraph referring 
It to the contractor s attention should be inserted here. 

Samplas 

(2) Section II, Paragraph 5 of the Basic Spcafication provides for the submission of samples "if 
provided m the architect's spcafication " If samples are desired, a note should be inserted stating 
whether the samples should be submitted with the bid or after the award of the tile contract. 

Grida 

(3} The Basic Spcafication provides that Standard Grade tile of domestic manufacture be used and 
a certificate of grade be furnished by the manufacturer All grades of tile, other dian Standard 
Grade, proposed for use under this spcafication must be so speafied by the architect 

Cleavage Planes 

(4) a. Some architects advocate the use of deavage planes under the tilework on certain types of 
installations. The Basic Specification does not provide for the use of cleavage planes If dus 
'treatmeht is desired, a note to this effect should be inserted m the architect's specification. Thsse 
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cleavage planes should be of sand or building paper and, if of sand, diould be approiimacely 1/4* 
thick. A layer of building paper should be plao^ over thil sand cushion, 
b When cleavage planes are placed on conaete or ocher masonry conscruccion shrinkage mesh as 
specified in Section 111, Paragraph 11. shall be placed over the building paper The mesh shaO be 
lapped, earned to all internal angles but not turned up at the edges 

Buttering or Roating Method of Installation 

(5) Section IV. Paragraphs 17, 18. 19. and 20. cover both the buttenng and floating methods of 
installing tile. The method used by die setters vanes accordmg to locality. The basic specificatioo 
provides that either method may be used in the absence of stipulations to the contrary If the 
architect prefers one of these methods, he should so state m his specification. 

Jointr In TIta 

(6) Section IV, Paragraph 31, provides for the usual width of joints in the tilework If a specul 
effect is desired necessitating a change in the usual jomt thicknesses, it should be noted in the 
architect's speoficacion. 

Gray or White Grouting 

(7) Section V, Paragraphs 8. 9. and 10. provides for either gray or white jomts. If the archil has 
a preference for one of these two it shall be noted m his speoficatioQ. 

(8) Section IV. Paragraphs 32 to 34. provides for groutmg of dlework. If a special effea is desired 
necessitating joints other than white or gray, the color should be noted in the specification 

Gnders, Slag, Clay, etc., Waterproofing 

(9) No attempt has been made to mclude the use of cmders, slag, or clay m the mortars and concrete 
specified in the Basic Specification The type of those matenals that can be obtamed in the locality 
of the work governs their suitability for use. b the case of the use of speaal cements or the 
addition of waterproofing to the mortar settmg bed, conaete fill, or the grout, chae are so many 
speaal conditions to cova that no attempt baa been made to provide a deflnite speoheanon lor 
this type of insollation. 

The drchirect should include in his speafication any specul provisions covering die nboue lumi 

Rosponsibility and Cjaaning 

( 10) It IS suggested that the architect check Section IV, Paragraphs 43 and 44, of the Basic Speafu» 
tion as the statements and conditions covered therem may change with vanous jobs 


ftalatRd Work 

(11) An effort has been made to mclude m this sectioii those ttemtof related work chat should be done 
by other contractors. These items are mtended to serve as a checking list for the architea n 
the prqiaration of his specification, b making up this list coosideracion has been given to the 
faa that, while the ole contractor is equipped to handle some of these items, they can usually be 
done by either the general contractor or by other suboontiacrors. b some cases where there ■ 
no general contractor and the tile amtractor assumes allot the work, it wiO be necessary to amend 
the short form tile specificatioo to mdude these iteqia. However, m these cases the question of 
unkm Jurisdicooo and allotment of work diould be decked the ardutict. 
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Carpenfry, Floorth-New Conitruction or Altoraftont 

ll2) Proper frammg for tile fioors is necessary to prevent cracking or buckling due to the weight 0/ 
the mortar bed, or flexure, shrinkage and warpage of thr wood sub'Stnicture, 

4. TILE OVER WOOD SUB-FLOOR 

A most satisfactory job is the installation of a reinforced mortar bed directly over the wood 
suh'floor of the structure. 

The wood suh'floor of not less than 13/16" thick by not over 6" wide boards shall be laid 
diagonally with the joists under the area to be tiled and securely nailed. Boards shall be tongue 
and groove or placed about apart. All loose, defective, exceptionally rough and uneven 
areas shall be eliminated. 

b. TILE OVER SUB-FLOOR FLUSH WITH TOP OF JOISTS 

This method- permits the tile to finish flush with adjacent double wood floors. 

Nailing strips l"x2l/2" shall be fastened to the sides of the joists, under the area to be tiled, 
and the subnooring shall be securely fastened to the strips in such a manner that the surface 
of the sub-floor is level with the top of the joists, 

c COUNTER-SEAM^^ and chamfering of JOISTS 

This method provides for a concrete fill under the mortar bed. 

The floor joists shall be chamfered to a point 1/2" below the surface of the concrete fill and 
the floor countersealed by nailing cleats I"x 2 y 2 " to the sides of the joists, at a distance be* 
low the finished floor required for the Construction of tile floors. Between the joists lay 
boards apart, securely nailed to the cleats. 

Carpentry, Walls and Floors^Alterafions 

(13) The removal of old wood floors and old finish materials from the walls of areas to be tiled may be 
done by either the tile contractor or other trades. The decision on the following paragraphs 
diould be based on the job conditions. 

a. REMOVAL OF OLD WOOD FLOORS 

By Othar Tradat ar By Tila Contractor 

Itisert folhwmg paragraph in architect's specification under appropriate trade. 

This contractor shall rcoiove all wood flooring from areas to receive tile and shall place the sub* 
floor in a satisfactory condition to receive the tilework, free from rubbish, projecting naila, etc. 
He shall fill up all holes and openinga 

b. REMOVAL OF OLD WOOD. PLASTER WALLS OR OTHER WALL FINISH MATERIAL 

By Other Trades or by Tilt Contractor 
To be inserted m architect's specification nnder appropriate trade. 

All old plaster, wood dieathing, or other finish matemb on walli to nedve tile doll b* ranoMd 
and the walla placed u aound condition. 
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Notb. If the finished tile surface can be brought 0ut at least inch, phis tile thickness froitf 
the old wall, the existing wood, plaster, or other present wall matenals ne^ not be removed wfaei, 
in a sound condition. 

Carpentry, WaRi and Floors— New Construction or AHaratloni 

114) s. Iiktallaften of Building Papsr Over Old Weed Reert. Over Ceunter*Meted Jeith, end Behind Serefch Ceets^ 
Note. In paragraphs (16)cand (17) the installation of concrete fill and also the scratch coat 
15 provided as either the work of the die contractor or of others If others are to provide this fill 
or scratch coat, the following should be provided in the architea s speafication under the appro 
pnate trade: 

This contractor shall provide an asphalt saturated paper weighing not less than 11 lbs per 100 
sq. ft over the (floors), (counter'sealed joists), (behind wire lath to be installed on the walls) 
(Strike out portums not appltctA^ ) 

h. SUPPLEMENTARY FRAMING BEHIND TILE WAINSCOTS 

The Basic Speci/icatton provides that suppcru for metal lath be supplemented when spaced over 
16 "^ on centers, tf such a condition exists, it is suggested that the architea provide for this supple* 
mentory framing or furring under the appropriate trade 

Coneretd or Other Metonry Work, New Construction 

(It) Note: The two following paragraphs should be inserted in the architect s speafication under 
the appropnate trade regardless of who supplies the concrete fill* or the scratch coat 

a Vertical surfaces of cooaete or other masonry which are to be faced with ole shall be brought 
CO the proper plane to receive the required thickness of scratch coat and tiles, and shall be made 
reasonably straight, with faces free of fins, projecting joints or excessive voids, and left fairly 
rough 

b Horizontal surfaces of concrete or other masonry construction which are to receive tilework sbaD 
be brought to the required level or surface for the concrete fill or mortar setting beds and shaQ 
be free from mortar droppmgs, projectmg jomts, etc., and shall present comparatively smooth 
and even surfaces ready to receive concrete fill or mortar setting &ds for tilework wiAout any 
depressions, cracks, holes or open joints. 

Concrete or Other Masonry Work, Alterations 

( 16) Note: The foUowmg paragraphs cover the preparabon of masonry surfaces to receive tile 

a. PREPARATION OF masonry walls 

By Other Trades or by Tile Centreeter 

To be inserted in architect i tpreifkation under appropriate trade 

Thoroughly wash end clean all concrete or meaonry walli and Soon with wire brtiahei and lO^h 
munatic acid and 90% water kIuIjod or approved equal Ttie concrete or isaapnry fiooi and walla 
■hall be thoroughly wet with water lo that the aad will act on the aurface only Make one to three 
washings, following each with a clean water luiie or waahmg to remove all traces of the aad 
Do not allow the aad solution to dry on the concrete or masonry bement dust shall be rt' 
moved Old or painted surfaces of concrete, bnekwork, or sronc shall be hacked. loughenA w 
raked to provide satiafactory bonding for the scratch ooac 
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k RfiMOVAL OP DID CEMENT. TERRAZZO. aOORS, ETC 

Ey Ofh«r Tradct or by Ulo Confrtefor 

To be inserted in architect s specificatton under appropriate trade 

All old cement, terraxto, floors etc, ahaQ be renoved under the areas to be tiled The surface 
diaU be left ac a proper level to receive the tilework and roughened and properly prepared 

«. INSTALLATION OP CONCRETE FILL 

Note In some cases the architect may wrh to award the installation of concrete fill to othf? 
trades, then it will be ncce‘isary to have the work spcLified in paragraphs (13) a , (13) b , (14) 
a, and (16) b of Section VII done by the general contractor 

By Other Trades or by Tile Contractor 
To be iTijer -d m architects specifiLation under appropriate trade 

Concrete fill shall be placed upor the sub floor under tht area to be tiled to bnng its '■evel to within 
at least two inches (2'') of the finished floor line It shall be at lea->t two inches <2 ' thi k except 
that over earth fills it shall be thrt.e inches (3 ) thick. All floor slabs and all wood ^oors shall be 
Wi), f f tL t ' o'!C particles before j Kcine, ar coi crctc fill Shrmkipc mesh shall b(» insta'lcd in 
accordance with the rtquir n nL> of the B cef ations fer Tile Work Edition, Seo- 
tion III Paraqnf h 1 1 Concrcti. iJ all con t of one vol me of Portland cement two and one half 
vo'unes of sand and five volumes of travel or crush d sc rc Coirrcte shall be spread promptly 
after mix ng and hall be ompaettd to unif rmly rough surface at proper level o rucivc srtfng 
mortar 


d. STEEL JOISTS AND PRESSED STEEL FLOOR SYSTEMS 

Note The Bisic Specification provides that the concrete slabs and reinforcing mc'ih used m 
connection w th thi-* type of construction sh^ be placed by others A paragraph should be 
inserted in the spcafication of the trade aflfected covering this work 

•. SHEET METAL OVER PROJECTING BEAMS 

Note The upper flanges of any projecting steel beams should be covered with sheet metal to 
prevent any adhesion of the concrete fill The Basic Spcafacation provides that this work will be 
done by others. 

Lathing end Platfering 

(17) "Note Practice in regard to the installation of the scratch coat vanes in different sections of 
the country It is suggested that the architect read the definition of the term “scratch coat" as 
covered in Section II (Definition ot Terms) In the Basic Specification the mstallation of the 
scratch coat is the responsibility of either the tile contractor or of other trades and the specification 
provides that the architcrt will state who is to handle this work The architect should (DOdify 
the basic specificatioD to state who will be responsible for this work. 
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i. tOIATO^COAT 


Wlwn l« B» Don* by Othw Tr«dM 

Tp be iTuefted in orcbieecie specification 
under appropriate irode 

Pumub »nd eet meal bth and scratch coat 
back of aU tOtsd walla or ccdmgs aperi6ed under 
tQcwDtk. AH auch metal lath and scratch coat 
wcvk to be prepared for and done m accordance 
with the requirements of the Basic Specification 
for Tilework I9i9 EdiUon Section IV Para 
IJ The portions of this speafisation re 
femng to the insallaeion of metal lath and 
aeiatch coat ahall be conaidered a part of this 
^cafication and this contractor should famil 
ianee himself with these requirements. 

If to Bt Dent by lilt Conirteter 

To be inserted m architects speaficatton To be added to tile fpeaJibotiOw 

under appropriate crtde contractor shall tnitall the icntch OM. a 

Hie metal ladung back of tilework u not sped accordance with the Basic Speafianfia. 
filed as a part of this cootiacttv a work as the 
same is specified under the ncading of tilework 

k STRUCTURAL SUPPORTS 

If pressed steel joistSt or studs, or other forms of metal joists, studs,, channels, tees or funinf 
strips form the structural supports for any tilework, it is assumed that the architect s speafiuticm 
will provide that metal lath in connection with same shall be furnished and applied as a part 
of such construction The Basic Specification states that metal lath on this type of oonstruction 
IS not mcluded as a part of the tilework See Section IV, Paragraphs 4 and 1 1 

«. CONCRETE CEIUNOS 

U concrete ceilings or soffits are to be tiled, the scratch coat shall not be placed on unfurred 
concrete surfaces If ceilings are to be suspended, provision should be made for their oniscniction 
mduding metal lath ready to receive^ the scratch coat 

4 PLASTER PATCHING 

The foUowtng paragraph should be mserted vn the plastering speafcation as the responsibdity 
for plaster patching should be definitely stated 

Upon completion of the tilework, this contractor shajll point and patch all joints between the 
plaster and tilework 


To be added to tile ^edficanpn 

The scratch C0KC and meal lath Work fi appbeet 
by othen and u not a pan of thu ooftoracBort 
work. 




□ MDEU WELDERS GIIDE $1 

A CONCISE. PRACTtCAL TEXT ON OPERATION AND MAINTENANCE OF ALL WELDINO 
MACHINES. FOR ALL MECHANICS. 

Over 400 pages, fully Illustrated, 5 x 6V^ x 2, flexible covers. 

Covers Electric, Oxy-acetylene, Thermit, Unionmelt Welding for sheet metal, spot and pipe welds, pressure 
vessels and aluminum, copper, brass, bronze and other metals, airplane work, surface hardening and hard 
Caclng, cutting, brazing— eye protection. EVERY WELDER SHOULD OWN THIS GUIDE. 

□ ADDELS ARSWEIS ON BLIE PRINT READING $2 

COVERS ALL TYPES OF BLUE PRINT READING FOR MECHANICS AND BUILDERS. 

376 pages, very fully illustrated, service bound, pocket size. 

How to read scales— the standard symbols— detail and assembly prints— the different kinds of working 
drawings; orthographic, pictorial, descriptive— development by parallel and radial lines, conventional lines, 
trIanguTatlon. Warped and other surfaces— specifications— how to sketch— how to make working drawings 
how to make blue prints— short cuts— helps-^ints and suggestions. 

*The blue print of to-day Is the machine of to-morrow." The man who can read blue prints Is In line for a 
better job. This book gives you this secret language, step by stop in easy stages. 

NO OTHER TRADE BOOK LIKE IT— NEW, COMPLETE. 

□ ADDELG Dll BONNER GDIDE $t 

A new practical, concise treatise explaining in detail both domestic & Industrial oil burners. Including electrical 
hook ups and wiring diagrams. 

Over 375 pages, 320 illustrationr & diagrams. Flexible binding, pocket size 

fully coveringthe Theory, Construction, Installation, Operation, Testing, Servicing & Repair of all oil burner 
equipment. Fully indexed for ready reference. 

□ Aalels REFRIGERATION & Air Cogditioiiing Guilt $4 

4 Books In One; covering basic principles, servicing, operation, repair of:— 1. Household Refrigeration. 
2. Special Refrigeration Units. 3. Commercial and Industrial Refrigeration. 4. Air Conditioning Systema. 
A gold mine of os<iential important facts for Engineers, Servicemen and Users. 

A Good Book Is a Good Friendl Here you have at your fingers’ ends a Complete Library In ONE VOLUME^ 
the necessary data you have been looking for on: MODERN UNITS, SYSTEMS & MACHINES, REFRIQER- 
.ANTS Including Freon, Quick Freezing, Lockers, Water Coolers A Air Conditioning Systems. 

1280 Pages, 46 Chapters all Fully Illustrated A Indexed for Ready Reference with Answers to Your Queetlonii 


O tUDELS POWER PUNT ENfilHEERS fiOIDE. .$4 

A COMPLETE STEAM ENGINEERS LIBRARY IN ONE BOOK WITH QUESTIONS A ANSWERS. NEW 
FROM COVER TO COVER. 1500 Pages, over 1700 clear, expertly drawn lllustiations, Graphs and CharU 
J.001 FACTS & FIGURES AT YOUR FINGER ENOS. For all Engineers, Firemen, Water Tenders, Oilers 
Operators, Repairmen and Applicants for Engineers* License Examinations. 

SPECIAL FEATURES INCLUDE: Boilers, all types; Boiler and Engme room Physics; Fireman's Guides 
Boiler Examination Questions; Boiler Operation; Pulverized Coal Systems; Instant Steam, Boiler Fix- 
tures: Boiler Repairs and Calculations; Boiler Accessories; Feed Pumps; Feed Water Heaters; Econo- 
mizers; Feed Water Treatment and Deae»'ation; Injectors, Safety Valve Calculations: Mechanical Stokers 
Oil Burners; Condensers; Air Pumps and Air Ejectors; Evaporators* Steam and Hot Water Heating; Pipe 
Fitting. Steam Engines; Valve gears; Turbines; Compressors; Hoists; Gas and Diesel Engines, LubricanU 
tnd Lubrication. 

*5 instructive, Interesting Illustrated Chapters — ALL FULLY INDEXED FOR READY REFERENCE. 


□ AUDELS SHEET METAL WORKERS 

HANDY BOOK SI 

Containing practical inside information, essential and important facts and figures. Easy to understand 
Fundamentals of sheet metal layout work Clearly written in everyday language covering: Aircraft sheet 
metal work, principles of pattern cutting, she«t metal work layout, development of air conditioning 
ducts, sheet metil machines, welding sheet metal, boiler plate work, practical drawing, how to read 
alans, geometrical problems, mensuration. FULLY ILLUSTRATED. READY REFERENCE INOEX^ 
M8 PAGES— HANDY SIZE— FLEXIBLE BINDING 


a AUDELS SHEET METAL PATTERN UY0UTS.S4 

M Sections, 1100 pages, 350 layouts, 1600 Illustrations. 

A PRACTICAL ILLUSTRATED ENCYCLOPEDIA COVERING ALL PHASES OF SHEET METAL WORK 
INCLUDING PATTERN CUTTING, PATTERN DEVELOPMENT AND SHOP PROCEDURE. 

10 Big Sectmns Covering: Heating & Air Conditioning Duct Patterns — Special Sheet Metal Layouts— 
trouts for various sheet metal shapes— Conductors, Leaders and Leader Head Layouts — Gutters and 
Roof Outlet Layouts — Sheet Metal Roofing Patterns — ^Skylights and Louvers Pattern Layouts — Cornice 
l^ern Layouts— Sheet Metal Boat Patterns — Geometrical Problems, Mensuration and Sheet Metal 

Bcvfloped by expeits for Sheet Metal Workers — Layout men — Mechanics and Artisans, Apprentices and 
iludents. A MASTER BOOK FOR ALL THE SHEET METAL TRADES. 


□ AUDELS MATHEMATICS & CALCUUTIOHS 
FOR MECHANICS...- S2 

MATHEMATICS FOR HOME STUDY OR REFERENCE. 700 pages, 650 illustrations, pocket size. 

WHS work has been arranged as a progressive study, starting with the first principles of arithmetic and 
macing step by step, through the various phases of mathematics, including the many necessary rules 
and calculations, for figuring mechanical and electrical engineering problems. Thousands of mathematical 
ndoilations and tables, fully indexed for quick use. 

mdtical mathematics from the beginning. How to figure correctly. New, easy, correct methods covering 
A complete review of practical arithmetic. Illustrated with examples. Includes mensuration — plane and 
ibild geometry— trigonometry— algebra— calculus— electrical and mechan cal shop calculation— practical 
tots— reference tables and data. How to use the slide rule. A REAL HELP TO ALL MECHANICS. 


□ AUDELS HEW MACHINISTS A TOOL MAKERS 
HARDY BOOK 04 

COVERS MODERN MACHINE SHOP PRACTICE IN ALL BRANCHES. 5 PRACTICAL BOOKS IN ONE. 
Hew from cover to cover. Tells how to set up and operate lathes, screw and milling machines, shapers, 
drill presses and aM other machine tools 

UQO pages, fully illustrated, 6 x 6'/a X 2, flexible covers. Indexed. 6 sections, 60 chapters. Easy If 
read and understand. 

A complete instructor and reference book for every machinist, tool maker, engineer, machine operator. 
Mechanical draftsman, metal worker, mechanic ana student, covering lathes, sirew and milung machines, 
shapers, drill presses, etr- 6 practical books in 1: Section 1: Modem mathtne shop praetjea— 2: Mun 
pint reading-^: mathematics for machinists— 4: shop physics— o: bQW tfl use the illde rule. 

MSHOP. COUPANIOA THAT ANSWERS YOUR gUEST10N& 



□ AUDELS AUTO MECHANICS CUIDE $4 

PRACTICAL READY REFERENCE FOR AUTO MECHANICS, SERVICE MEN, TRAINEES & OWNERS 
Explains theory, construction and servicing of modern motor cars, trucks, buses, and auto type Diesel 
engines. 1800 pages, fully illustrated. 73 chapters, indexed. 

FEATURES: All parts of an automobile — physics — gas engines — pistons — rings — connecting rods 

crank shafts — valves — ^valve gear — cams — timing — cooling systems — fuel feed systems mixture 

carburetors — automatic choke — superchargers — transmissions — clutches — univcisals, propeller shafts 

differentials — rear axles — running gear — brakes — wheel alignment — knee action — steering gear — tires 

lubrication — ignition systems — magneto ignition — spark plugs — ignition coils — distributors — automatic 
spark control — ignition timing — geneiators — starters — liphting systems — storage batteries — Diesel en- 
gines. Fluid & Hydramatic Drives Fully Explained. 

A STANDARD BOOK FOR AUTO MECHANICS- AND OPERATORS. 

□ AUDELS TRUCK & TRACTOR GUIDE $4 

A Shop Companion for Truck Mechanics & Drivers — ^Shop Foiemen — Garaqemen — Maintenance Mem- 
Helpers — Owners — Trouble Shooters — Fleet Maintenance Men — Bus Mechanics & Drivers — Farm Tractoi 
Operators & Mechanics — Covering Gas & Diesel Motor Principles — Construction — Operation — Maintenance 
— Repair — Service Operations — Trouble Shooting — Engine Tune Up — Carburetor Adjusting — Ignitior 
Tuning— Brakes— Service of all Parts— Over 1299 Pages. 78 PRACTICAL FULLY ILLUSTRATED 
CHAPTERS- INDEXED— 1001 FACTS AT YOUR FINGER ENDS. 

□ AUDELS DIESEL ENGINE MANUAL $2 

A PRACTICAL, CONCISE TREATISE WITH QUESTIONS AND ANSWERS ON THE THEORY, PRAC- 
TICAL OPERATION AND MAINTENANCE OF MODERN DIESEL ENGINES. 

384 pages, fully illustrated. Explains Diesel nrinciples — staitimj — starting valves — fuel spray valves— 
valves — timing — fuel pumps — fuel injection compressors — starting air compressors — vcavcnqing air 
compressors — pistons and piston rings — cylinders — lubrication — cooling systems — fuel oil — engine 
indicator — governors — engine reversing — semi-Diesel engines — high speed Diesel engines — answers on 
operation — calculati''"s , ’jding two-cycle Diesel engines. 

THIS BOOK IS OF EXIREME VALUE TO ENGINEERS, OPERATORS, STUDENTS. 

□ AUDELS MECHANICAL DICTIONARY S4 

A WORD BOOK FOR MECHANICS. COVERING THE MECHANIC ARTS, TRADES AND SCIENCES. 
A very useful book. If constantly referred to will enable the student to acquire a correct knowledge of 
the words, terms and phrases in use in mechanical engineering and its various branches. Included are 
valuable tables, formulas and helps — an encyclopedia as well as a dictionary. 950 Pages. 

□ AUDELS PUMPS, HYDRAULICS comprI^sors ■ $4 

A COMPREHENSIVE GUIDE FOR ENGINEERS, OPERATORS, MECHANICS, STUDENTS, WITH 
QUESTIONS AND ANSWERS. 

1658 Pages — 3 Books in one — fully illustrated. Practical information covering: 

PUMPS: Centrifugal — Rotary — Recipiocating Pumps — Air and Vacuum Chambeis — Power & Air Pumps 
— Jet Condensers — Surface Condensers — calculations. Cooling Ponds — Cooling Towers — Water Supply — 
Hydraulic Rams — Special Service Pumps — Automotive Fire Pumps — Dredges. 

HYDRAULICS' Physics — Drives — Machine Tool Power — Accumulatois — Elevators — Airpla..^ Control- 
Automobile Brakes — ^Shock Absorbers — Pi esses — Tui bines. 

AIR COMPRESSION’ Compression — Work — Compicssor Classification — Parts, Types — Intei .rd After 
Coolers — Regulating Devices — installation — Lubi ication — Operation — Maintenance — bloweis — • 
Superchargeis — Pneumatic Hand Tools — A Ready Reference. 

□ AUDELS MARINE ENGINEERS HANDY BOOK - $4 

MODERN, PRACTICAL TREATISE FOR MARINE ENGINEERS (ALL GRADES), FIREMEN, OILERS, 
MACHINISTS, HELPERS AND STUDENTS, WITH CALCULATIONS AND QUESTIONS AND AN- 
SWERS FOR EXAMINATIONS. 

1246 Pages — 23 Chapters, logically arranged — fully illustrated and Indexed for Ready Reference. 

□ AUDELS HOUSE HEATING GUIDE $4 

For Heating, Ventilating and Air Conditioning Engineers, Plumbers, Maintenance Men, Contractors, 
Building Superintendents and Mechanics seeking practical, authentic information on Heating, Ventilating, 
Air Conditioning, 1000 Pages — 910 Illustrations — 57 Chapters explaining the wctkmg principles of all 
Modem House Heating, Ventilation and Air Conditioning systems. Fully illustrated and Indexed. ThU 
up-ra-date book of reference gives answers to 1001 questions. 



□ GUETHS MECHANICAL DRAWING. ...... .$1 

A CONCISE DRAWING COURSE 150 pages 50 plates size 6x9 flexible cover 
A complete instructor and reference work on Drawing tools and their use, drifting room and snppi 
practice laying out sheets and lettering important rules for working drawings thne views and isometric 
simple models joints and carpentry work machine drawing projections sections intersections warpe4 
surfaces method of plan of elevation method of vanishing point shades and shadows points lines and 
planes, prisms and pyramids, spheres, screw surfaces shadow perspective How to use the slide rule 

□ ROGERS DRAWING AND DESIGN $2 

MECHANICAL DRAWING SELF TAUGHT 

<06 pages 600 illustrations (many full page drawings) flat opening 

A standard work with all details so clearly explained that this valuable training is easily obtained 
without an instructor Covers terms and definitions how to use drawing board — instruments T square 
triangles how to do lettering shade and section lining geometrical drawing development of surfaces 
and isometric cabinet and orthojraphic projections working drawings explains ho\A to do tracing and 
make blue prints how to read prints machine design Refeietire index with valuable tables How fc* 
use the slide rule A STANDARD STUDY TEXT FOR DRAFTING ROOM AND SHOP. 

□ AUDELS MIUWRIGNTS & MECHANICS GUIDE . $4 

PRACTICAL LATE INFORMATION ON PLANT INSTALLATION OPERATION & MAINTENANCE 
1200 pages completely illustrated 5 x 6'a x 2 flexible covers fully indexed 1000 fncts at your fingertips 
For millwrights mechanics erecting maintenance men riggers shopmen service men foremen inspec 
tors superintendents 

Section 1 Mechanical power transmission — 2 millwrights and mechanics tools and their use — 3 builo 
Ing and coistruction work — 4 plant operation and maintenance — 5 installation and maintenance i 
llectrical machinery — 6 practical calculation and technical data — how to read blue prints. 

O AUDELS CARPENTERS & RUILDERS GUIDES 

A PRACTICAL ILLUSTRATED TRADE ASSISTANT ON MODERN CONSTRUCTION FOR CARPEIV 
TERS JOINERS BUILDERS MECHANICS AND ALL WOODWORKERS 

Explaining m practical concise language and by illustrations diagrams charts graphs and pictures 

principles advances short cuts based on modern practice How to figure and calculate various Jobs 

Vol 1 — Tools steel square saw filing joinery furniture — 43t pages — 1200 illustrations 

ifol 2 — Builders mathematics drawing plans specifications estimates — 455 pages — 400 iMustratiors 

Vol 3 — House and roof framing laying out foundations — 255 piges — 400 illustrations 

Vol 4 — Doors windows, stair building millwork painting — 448 pages — 400 illustrations 

4 VOLS 1600 PAGES 370d ILLUSTRATIONS FLEXIBLE COVERS, $6 FACH VOLUME POCKL 

SIZE SOLD SEPARATELY $1 50 A VOL 

□ AUDELS PLUMBERS & SYEAMFITTERS GUIDES 

A PRACTICAL ILLUSTRATED TRADE ASSISTANT AND READY REFERENCE FOR MASTEft 
PLUMBERS JOURNEYMEN AND APPRENTICE STEAM FITTEPS GAS FITTERS AND HELPERS 
SHEET METAL WORKERS AND DRAUGHTSMEN MASTER BUILDERS AND ENGINEERS 
Explaining in plain language and by clear illustrations diagrams charts graphs and pictures 
principles of modern plumbing practice 

Vol 1 — Mathematics physics materials tools lead work — 374 pages — 716 diagrams 
Vol 2 — Water sunply drainage lough work tests-~496 pages — 6126 diagrams 
Vol 8 — Pipe fitting ventilation gas stcom — 400 pages — 900 diagrams 
Vol 4 — Sheet metal work smithing brazing motors 

4 VOLS— 1670 PAGES— 3642 DIAGRAMS— FLEXIBLE COVERS, $6 EACH VOL POCKET SlZt 
SOLD SEPARATELY $1 50 A VOL 

n AUDELS MASONS & BUILDERS GUIDES 

A PRACTICAL ILLUSTRATED TRADE ASSISTANT ON MODERN CONSTRUCTION FOR BRICK 
LAVERS— STONE MASONS— CEMENT WORKERS— PLASTERERS AND TILE SETTERS 
Explaining in clear language and by well done illustrations diagrams charts graphs and pictures 
priP'-iples advances short cuts based on modern practice — including how to figure and calrulat. 
various jobs 

Vol I — Brick work bricklaying bonding designs — 266 pages 

Vol 2 — Brick foundations arches tile setting estimating — 245 pages 

Vol I — Concrete mixing placing forms reinforced stucco — 259 pages 

Vol 4 — Plastering stone masonry steel nnstruction blue prints — 345 pages 

4 VJLS— 1100 PAGES— 2067 ILLUSTRATIONS— COMPLETE SET« $6 EACH VOL. (POCKE! 

FLF'tIBLE COVER) $1 60 A VOU 



□ ftUOaS ENGINEERS LIBRARY 3 Vols. $9 

For all Stationary, Steam, Diesel and Hoisting Engineers, Firemen, Water Tenders Oilers 
Boiler Operators, Repair Men and Applicants for Engineer’s and Firemens Licen:»e Examinations 

VOL. 1. 


aiiu timniD I uuiii , r . WM.UU «u..r. ,4UI91IUII'> auiier upcraiiOM ruiVirized 

Coal Systems, Feed Water Heaters, Economizers, Feed Water Titatment and Deaeration Injector-; 
Safety Valve Calculations, Mechanical Stokers, Oil Burners Condenser An Pumus and Air Ejectors 
Evaporators, Steam and Hot Water Heating, Pipe Fitting Steam Engines, Valve qoais rurhincs. 
Compressors, Hoists, Gas and DitscI Engines Lubricants and Luhmation (> j Instructive, Interesting 
Illustrated Chapters—ALL FULLY INDEXED FOR READY REFERENLt. 

VOL. 2. 

A quick, simplified, ready reference book, giving eomplete instiuction and practical information on the 
rules and laws of electricity — maintenance of electrical machinery — A C and D L mntois — ai mature 
winding and repair — wiring diagrams — house lighting — power wiiiiiq — cable splitiiig — nulers — battcrus 
— transformers — elevators — electric cranes — railways — bells- sign flashei-i — teb phnnr — ignitinn — radio 
primiples — refrigeration — air conditioning — oil burners — air eoiiiprcssors —welding, and many modern 
applications explnmid so you can understand 1472 Pages 2b00 Illustrations. 

THE KEY TO A PRACTICAL UNDERSTANDING OF ELECTRICITY 

VOL. 3. 

An aid for Stationary, Steam, Diesel & Hoisting Engineers’ Examinations for all grades of Licenses A 
concise rtview explaining in detail the Principles. Facts &. Figures of Practical Engmeennq uver 500 
Pages and 435 Illustrations of Questions & Answers, fully indexed for ready relennce. Pocket size. 

□ AUDELS SHIPFITTERS HANDY BOOK 31 

288 PAGES OF INFORMATION. INSTRUCTION, PICTURES AND REFERENCE CHART;*, TOGETHER 
WITH MANY SHORT CUTS AND TROUBLE SAVERS FOR SHIPFITTERS IN THEIR DAILY ROU- 
TINE. EVERY SHIPFITTER NEEDS THIS BOOK. NO OTHER TRADE BOOK LIKE IT. 

□ AUDEIS AIRCRAFT WORKER $1 

A HANDY POCKET BOOK FOR ALL MECHANICS, LEADMEN. LAYOUT MEN. DRAFTSMEN, DE* 
SIGNERS, APPRENTICES AND STUDENTS. 240 pages — fully illustrated and indexed. Flexible binding* 
Answers your daily questions with clear, concise practical infoimation, pomteis, facts and figures* 

D PAINTING & DECORATING MANUAL $2 

FOR PAINTERS, JOURNEYMEN, CONTRACTORS, APPRENTICES & ALL PAINT USERS 

INSIDE TRADE INFORMATION ON outride and inside work — how t-’ mix paints. — prepnratnn of sui - 
faces — paper and paper-hanging — wood hnishcs — tools and their proper use — synthetic paints wlitre and 
how to use them — the care of brushes and bristles — color with cokr chart — spiay painting and Lquiprnent 
— scaffolds — nqqing — costs — estimating — better painting methods and a dictionary of trade terms 
ANSWERS YOUR QUESTIONS 450 Pages — o5 Chapters, Fully Illustrated. A Guide to Eisitr. Better 
Painting MONEY BACK IF NOT 0 K. 


Over 1530 pages, over 1700 clear, expertly drawn Illustrations, Graphs and Charts IQfll FACTS a 
FIGURES AT YOUR FIN_GER ENDS SPECIAL/EA I URESJNCLUDE BoiWrs all types Boiler 




□ AUDELS GARDENERS & GROWERS GUIDES 

EXPERT GUIDANCE FOR BETTER FRUIT, FLOWERS, VEGETABLES., . ^ 

Here is your opportunity to get a vast amount of expert plans— helps — hints — ^suggestts secrets-* 

short cuts — discoveries for better results. , 

4 practical help reference volumes — 1700 pages — rich, flexible covers — hundreds of illustrati 
Vol. 1 — Working, fertilizing, irrigating, draining the soil — 284 pages, fully illustrated. 

Vol. 2 — Good vegetables and market gardening— 443 pages, fully illustrated. 

Vol. 3— Fine fruit culture, cash crops— 492 pages, fully illustrated. 

Vol. 4 — Beautiful flowers, successful cultivation, propagation. Over 500 pages, fully illustrated. 

EXCEPTIONALLY VALUABLE BOOKS FOB SUCCESSFUL GARDENING FOR PLEASUBEOR PROFiT,* 
COMPLETE SET OE 4 , $6. BOLG SEPARATELY. $1.50 EACH. 

□ AIKLS QUESTIONS & ANSWERS FOR 

EHGIREERS AND FIREMANS EXAMINATIONS . SI 

An aid for Stationary, Marine, Dlosol & Hoisting Engineers' Examinations for all grades of Licenses. A now 
Concise review explaining in detail the Principles, Facts & Figures of Practical Engineering. Over 500 Pages 
& 435 Illustrations of Questions & Answers, fully indexed for ready reference. Pocket aue. 



□ AUDELS TELEVISION SERVICE MANUAL ... $2 

Gives practical information on installing, Trouble Shooting & Repairing This greatly needed fact finding 
manual is easy to understand 384 pages, more than 225 illustrations & diagrams covering operating 
principles of modern television receivers 

Covers T V information at your finger ends Shows good receiver adjustment and How to get Sharp 
Clear Pictures How to Instill Aernis — Avoid Blurs Smears and How to test. Explains color systems 
and methods of conveision 1001 FACTS — IS CHAPTERS 

□ AUDELS ELECTRIC MOTOR GUIDE $4 

Covers the construction, hook ups, control, inainteinnce and trouble shooting of all types of motois in- 
cluding armituie winding Explains entiie subject in eveiy detail A Handy Guide for Electricians and all 
Electrical Workers 

Over 1000 Pages of Information-— 31 Instructive, Interesting Chapters — 617 Diagrams, hook-ups and draw- 
ings. All types of motors fully illustrated and indexed for roady reference. 

S AUDELS QUESTIONS & ANSWERS FOR 

ELECTRICIANS EXAMINATIONS Si 

A PRACTICAL BOOK TO HELP YOU PREPARE FOR ALL GRADES OF ELECTRICIANS LICENSE 
EXAMINATIONS A Helpful Review of all the fundamental principles underlying each question and 
answer needed to prepare you to solve any new or similar problem, which while being asked differently 
still calls for the same answer and knowledge 

Covering the National Electrical Code, Questions and Answers for License Tests; Ohm’s Law with 
applied Examples, Hook ups for Motors; Lighting and Instruments, 250 Pages Fully indexed and 
Illustrated. Pocket Size. Flexible Covers. A COMPLETE REVIEW FOR ALL ELECTRICAL WORKERS. 

□ AUDELS WIRING DIAGRAMS FOR 

LIGHT & POWER.. $1 

Electricians, wiremen, linemen, plant superintendents, construction engineers, electrical contractors 
and students will find these diagrams a valuable source of practical help 

This book gives the practical man the facts on wiring of electrical apparatus It explains clearly In 
simple language how to wire apparatus for practically all fields of electricity. Each diagram is complete 
and seif. explamtnD— 210 pages, illustrated. A PRACTICAL, HANDY BOOK OF HOOK-UPS# 

D AUDELS HANDY BOOK OF PRACTICAL 

ELECTRICITV -...,.....$4 

FOR MAINTENANCE ENGINEERS, ELECTRICIANS AND ALL ELECTRICAL WORKERS# 

1S40 pages, 2600 illustrations 

A quick, simplified, ready reference book, giving complete instruction and practical information on the 
rules and laws of electricity — maintenance of electrical machinery — A C and D C motors — armature 
winding and repair— wiring diagrams — house lighting — power wiring — cable splicing — meters — bat- 
teries — transformers — elevators— electric cranes— railways — bells — sign flashers — telephone— ignition— 
radio principles — refrigeration — air corditioning — oil burners — ^air compressors— weldino« and man/ 
modern applications explained so you con understand 
THE KEY TO A PRACTICAL UNPER3TANDING OF ELECTRICITY* 


□ AUDELS aECTRONIC DEVICES .S2 

TELLS WHAT YOU WANT TO KNOW ABOUT THE ELECTRIC EYE. 

Covering photo-electric cells and their applications Includes easily understood explanations of )th8 
workings of the electric eye, amplifiers, anodes, candlepower, color temperature, illumination, frequen- 
cies, phojio tubes, grid basis, voltage, photo-electric tubes, photooell. yacuun tubesA Ihe oscillator* 
electron tubes, electrons versus atoms. Ohm's Law« wfrlnil dIaaiAins# 

A ERACTICAL BOOK Oli ELECTRONICS* 



a AUDUS ELECTRICAL POWER CALCULATIONS $2 

'75 TYPICAL PROBLEMS FULLY WORKED OUT. 

Gives and explains the mathematical formulae and the fundamental electrical laws for all the everyday 

practical problems in electricity — Ohm's and Kirchhoff’s laws for Direct Current the generation ami 

application of alternating current — problems in series and parallel circuits — transformers— transmissiow 
lines — electrical machinery. Valuable notes on Radio C'rruit Calculation. 

With 289 Diagrams, and Tables on Conversion, Wire Gauges and Capacities, etc. Other Data; Symboli 
Formulae. 420 pages, fully diagrammed. Two parts (A.C. — D C ). Indexed. " 

EVERY ELECTRICAL WORKER & STUDENT NEEDS THIS MODERN “MATHEMATICAL TOOL" 


□ AUDELS NEW ELECTRIC DICTIONARY $2 

FOR EVERY WORKER WHO HAS TO DO WITH ELECTRICITY. 

The language of your profession in convenient, alphabetical order so you can instantly locate any 
word, phrase or term. To be an expert in any line, you must “talk the language-" Audels New Electric 
Dictionary enables you to understand and explain electrical problems so your hearer will thoroughly 
understand you. 

Defines more than 9000 words, terms and phrases in plain and unmistakable language, compiled with tht 
tame accuracy and thoroughness that has characterized Audel books for 65 years. 

Valuable as an Encyclopedia of Electricity and as a Dictionary. 

AN ABSOLUTE NECESSITY TO EVERY ELECTRICAL WORKER AND STUDENT. 


□ AUDELS NEW RADIOMANS GUIDE $4 

A KEY TO THE PRACTICAL UNDERSTANDING OF RADIO. FOR RADIO ENGINF'^RS, SERVICE. 
MEN, AMATEURS. 

750 pages, 400 illustrations and diagrams. Size 5 x e'/a. 

Features; Radio fundamentals and Ohm’s Law — physics of sounn as related to radio science — electrical 
measuring instrumep>'' — power supply units — resistors, indicators and condensers — radio transformer* 
end examples on' tnesr o^’signs — broadcasting stations — principles of radio telephony — vacuum tubes—* 
radio receivers — radio circuit diagrams — receiver construction — radio control systems — loud speakers—* 
antenna systems — antenna systems (automobile) — phonograph pickups — public address systems — aircraft! 
radio — marine radio equipment — the radio compass and principle of operation — radio beacons — auto^* 
matic radio alarms — short wave radio — coil calculation: — radio testing — cathode ray oscillographs— 
static elimination and radio trouble pointers — underwriter's standard: —units and tables 
AUTHENTIC, CLEAR. CONCISE. 


n AUDEU NEW ELECTRIC LIBRARY. .$1.50 a vol. 

FOR ENGINEERS, ELECTRICIANS. ALL ELECTRICAL WORKERS, MECHANICS AND STUDENTS 
Presenting in simplest, cuiicise form the fundamental principles, rules and applications of applied 
electricity. Fully illustrated with diagrams & sketches, also calculations & tables for ready reference. 
Helpful questions and answers. Trial tests for practice, study and review. Design, construction, operation 
end maintenance of modern electrical nachines and appliances. Based on the bL:>t knowledge and 
.experience of applied electricity. 

Vol. 1 — Principles and rules of electricity, magnetism, armature winding, repairs — 700 illustrations— 
480 pages. 

Vol. 2 — Dynamos, D.C. motors, construction, installation, maintenance, trouble shooting — 573 illus- 
trations — 418 pages. 

Vol. 3 — Flectrical testing instruments and tests, storage battery construction and repifi/s — 631 illus- 
trations — 472 pages 

Vol. 4 — Alternating current principles and diagrams, power factor, alternators, transformers — 801 
illustrations— 484 pages 

Voi. 6— ArC. motors, v/indings. reconnecting, maintenanc*;. converters, switches, fuses, circAif 
breakers — 1489 illustrations'— 498 pages. 

Vol. 6 — Relays, condensers, regulators, rectifiers, meters, switchboards, power station practice — COO 
illustrations — 548 pages, 

Vol. 7 — Wiring-*--housei, Ifght jmd power, circuits, high tension transmission, plans, calculations, codts 
marine wirrrjji.^nR:e— ^1218 iH»^«trations-r-728 pages. 

Vol. 8— Railways, signal*, eteVfttors, ionition^l078 illustrations— 812 pages. 

Vol. 9 — Radio,, telephone, telegraph, televisibn, motion' pictures— 798 illustrations — '76 pages. 

Vol. 10 — Refrigaratlon, illufhination. welding,v x-r^, modern electrical apoliances. index — 1084 illu»> 
trations— 674 'page4,^'S(r^v*^yv^ '*? > 

Vol. 11 — Electric mathematics antf^talcufilioni — l^'pagu. 

Vol. 12 — Electric dictionary. 9000 words and terms — SSOlDages.' 

40MPLETE IN 12 VOLUMES— EACH VOLUME SOLD SEPARATELY AT $1.50 EACH. 




Check 

NOW! 


You Can 
Look Over 
Any Guide 
In Your 
Own Home 


'Start the 
'Easy Pay- 
ments If 
SatisGed 

MAIL 

THIS 

TODAY 


MAIL ORDER 

THEO. AUDEL & CO., 49 W. 23 St., New York 10,N:Y. 

Please mail me for 7 days* free examination the books 
marked (X) below. I agree to mail $1 in 7 days on each book 
or set ordered, and to further mail $1 a month on each book oi 
set ordered until I have paid purchase price. 

If I am not satisfied with Guides I will return them. 

I r HOME APPLIANCE SERVICE GUIDE, 800 Pages . . $4 

I DAUTOMOBILE MECHANICS GUIDE, 1664 Pages . . 4 

I dTRUCK & TRACTOR GUIDE, 1299 Pages 4 

I LiDIESEL ENGINE MANUAL, 57S Pages 2 

I gMACHINISTS handy book, 1650 Pages 4 

I nWELDERS GUIDE, 400 Pages 1 

; GBLUE PRINT READING, 416 Pages 2 

I UMATHEMATICS & CALCULATIONS, 700 Pages. . . 2 

! GSHEET METAL PATTERN LAYOUTS, UOO Pages . . 4 

□SHEET METAL WORKERS HANDY BOOK, 388 Pages. 1 
I GMECHANICAL drawing guide, 160 Pages . . 1 

I GMECHANICAL DRAWING & DESIGN, 480 Pages . . 2 

! □ AIRCRAFT WORKER, 240 Pages 1 

I GTELEVISION SERVICE MANUAL, 434 Pages . ... 2 

! GRADIOMANS GUIDE, 1040 Pages 4 

GELECTRONIC DEVICES, 216 Pages 2 

I GELECTRIC motor guide, 1000 Pages 4 

! GWIRING diagrams (Light & Power), 272 Pages . . 1 

GELECTRICIANS examinations, 250 Pages ... 1 

I GELECTRIC POWER CALCULATIONS, 425 Pages . . 2 

! GHANDY BOOK OF ELECTRICITY, 1440 Pages ... 4 

GELECTRIC DICTIONARY, 9000 Terms 2 

I GELECTRIC LIBRARY, 7000 Pages (12 Book Set;. . .18 

> GSHIPFITTERS HANDY BOOK, 250 Pages .... 1 
□REFRIGERATION & Air Conditioning, 1280 Pages . . 4 

I GMILLWRIGHTS & MECHANICS GUIDE, 1200 Pages . 4 
> UPOWER PLANT ENGINEERS GUIDE, 1500 Pages . . 4 

” GENGINEERS & FIREMANS EXAMS, 525 Pages. . . 1 

u GPUMPS, Hydraulics & Air Compressors, 1658 Pages 4 
Q LjOPERATING ENGINEERS LIBRARY (3 Book Set). . 9 

^ GMECHANICAL DICTIONARY, 950 Pages 4 

g []GARDENERS & GROWERS GUIDES (4 Book Set). . 6 

S UCARPENTERS & BUILDERS GUIDES (4 Book Set) . 6 

O GPLUMBERS & Steamfitters Guides (4 Book Set . 6 

^ (JMASONS AND BUILDERS GUIDES (4 Book Set) . . 6 

£ GPAINTERS & DECORATORS MANUAL, 450 Pages . 2 

[ HOUSE HEATING GUIDE, 1000 Pages . . 4 

OIL BURNER GUIDE, 384 Pages .... . 1 
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